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Abstract of an Account of the Keith Fund, prepared by a Committee appointed by the 
Council of the Royal Society on 4th February 1842, to draw up “ An accurate 
Account of the Foundation, Awards, and present Condition, of the Keith Fund.” 


The Kerru Prize was instituted by the late ALEXANDER Kerru of Dunnottar, 
Esquire, and it was announced, on the 18th December 1820, to the Royal 
Society by the following letter, addressed by the Trustees of Mr Keira to Sir 
WALTER Scott, the President, and the other Members of the Council :—‘“ GENTLE- 
MEN,—lIt is, no doubt, already known to you, that the late ALEXANDER Kerru, Esq. 
of Dunnottar, bequeathed the sum of L.1000 for the purpose of Promoting the 
Interests of Science in Scotland. Having been appointed Trustees for the manage- 
ment of this Fund, we have endeavoured to appropriate it in the most advanta- 
geous manner for the advancement of Science, and we have the satisfaction of 
stating, that the plan which has been adopted met with the special approbation 
of Mr Kerra himself, to whom it was communicated previous to his death. 

** As the Royal Society of Edinburgh is the principal Scientific Establishment 
in Scotland, we hereby offer to its President and Council the sum of L.600; the 
principal of which shall on no account be encroached upon, while the interest shall 
form a Biennial Prize for the most important discoveries in Science made in any 
part of the world, but communicated by their author to the Royal Society, and © 
published for the first time in their Transactions. 

“ With regard to the form in which this prize is to be adjudged, we beg leave 
to suggest that it may be given in a Gold Medal, not exceeding Fifteen Guineas in 
value, together with a sum of money, or a piece of plate, bearing the devices 
and inscriptions on the medal. 

“ If during any of the biennial periods, commencing from Martinmas 1820, 
no discoveries of sufficient importance shall be communicated to the Society, the 
interest of the Fund may be added to the principal, after paying the inetcental ex- 
penses incurred from the preparation of dies and other causes. 

“ Leaving all other arrangements to your judgment and discretion, we have 
only to express the hope that this donation may realize the patriotic views of its 
founder, and contribute in an eminent degree to advance the honour and interests 
of our native country. We have the honour to be, Gentlemen, your most obedient 
humble servants, (Signed) ALEXANDER Kerru, J. Kerra, Davin BrREwster.—Edin- 
burgh, 4th December 1840.—To Sir Water Scort, Baronet, President, and the 
other Members of the Council of the Royal Society of Edinburgh.” 


In consequence of certain communications which took place between Mr 
Kerrn’s Trustees and the Council in March 1833, the former, on 15th April, ad- 
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dressed the following letter :—‘ To the President and Council of the Royal Society 
of Edinburgh. GENTLEMEN,—AS we understand that some difficulty has been 
experienced in the regular biennial adjudication of the Keith Prize Medal, in con- 
sequence of it being limited to important discoveries in Science, we hereby consent 
and direct, that if, during any biennial period, no discovery of sufficient importance 
be communicated to the Society, in that case, the Council shall adjudge the Prize to 
the author of the best communication on a scientific subject, which shall have been 
read in the Society during that period, and on no account shall omit to confer the 
Prize at regularly recurring periods of two years. We have the honour to be, 
&e. &e. (Signed) J. Kerrn, D. Brewster.” 

In the year 1834, a Committee was ee to consider the following 
points, and report, viz. :—‘‘ Whether the existing regulations of the Keith Prize, 
do not admit of improvement, in respect,— 

“1st, Of the biennial adjudication being obligatory. 

“2d, Of the expediency of the indefinite adjudication of Medals to any in- 
dividual. 

‘3d, Of the papers which should be eligible for competition.” 

A Report was made by this Committee, and unanimously adopted by the 
Council on 12th January 1838; and the following is an extract of that part of the 
Report which refers to the first two points :—* That, in the opinion of the Com- 
mittee, the conditions of the adjudications of the Keith Prize for future periods 
may be advantageously amended, by absolving the Council from the necessity of 
awarding the Prize, when, in any biennial period, no paper shall have been com- 
municated which, in the opinion of the Council, is deserving of this distinction. 

“That it appears to the Committee, that although some disadvantage may 
arise from the Prize continuing to be repeatedly adjudged to the same individual, 
a still greater disadvantage and injustice would attend an absolute restriction 
from farther competition of persons to whom the Prize may have been adjudged. 
The Committee, therefore, beg to suggest that such a restriction should not extend 
to a longer term than two biennial periods, after the lapse of which, the competi- 
tion should be again open to any person who may have gained this Medal.” 

The Trustees of Mr Kerrru approved of the above Report, in the following 
letter, addressed to the Secretary, on the 2d February 1838 :—“ Sm,—Having 
considered the Report of the Committee of the Council of the Royal Society of 
Edinburgh, regarding some alterations in the conditions of adjudication of the 
Keith Prize, which Report was unanimously adopted by the Council, we, the 
trustees of the Keith Fund, approve of the alterations therein recommended, and 
concur in their adoption for the future. (Signed) D. Brewster, J. Kerra, M.D.” 

On the 4th February 1842, a Committee was appointed to draw up an 
account of the Keith Fund, and, in March 1844, this Committee, along with the 
account thus drawn up by them (of which this is an abstract), made a Report to 
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the Council, which, inter alia, contained the following recommendation:—‘“ 2d, The 
Committee are of opinion, that, in terms of the original appointment by Mr 
Keith’s Trustees, and in order to prevent any doubt or dispute as to the amount 
of the Prize, or the mode in which it is to be given, it should be settled that the 
Prize is to consist of a Gold Medal, not exceeding Fifteen Guineas in value, and 
that the balance of the dividends, interest, or other annual income, derived from 
the Keith Fund for the biennial period in question, shall be paid over to the suc- 
cessful candidate, to be by him laid out in plate, or otherwise disposed of as he 
should think fit, with which the Council shall have no concern. That the Secretary 
of the Society, when announcing the award to the gainer of the Prize, shall state 
to him the sum which he is to receive along with the Medal, and for which medal 
and sum he is forthwith to apply to the Treasurer of the Royal Society ; and if 
he shall not apply within six months after the date of the intimation of the award, 
he shall forfeit the said sum, but shall be entitled to receive the Medal. That, in 
order that the Secretary may be aware of the amount of the sum to be so awarded 
the Treasurer shall, on the 1st of January immediately succeeding the expiry of 
a biennial period, or within 15 days thereafter, give the Secretary a note of the 
Annual Income of the Keith Fund for the preceding biennial period, and of the 
value of the Gold Medal which is to be deducted therefrom. The Committee 
recommend that the Council should authorize the Secretaries and Treasurer to 
procure a proper die from which the Gold Medal may be struck in future.” This 
recommendation was approved of and adopted by the Council. 

The preceding Minutes of Council, contain all that is to be found in the books 
of the Royal Society, regarding the rules and conditions on which the Keith 
Prize is to be awarded, and the Committee will now proceed to state the various 
awards which have been successively made of this Prize since the Institution. 


1st Biennial period, 1828-1829.— Dr Brewster, for his Papers on his Discovery of Two 
New Immiscible Fluids in the Cavities of certain 


Minerals. 

2d do. 1829-1831.—Sir David Brewster, for his Paper on a New Analysis 
of Solar Light. 

3d do. 1831-1833.— Thomas Graham, Esq., for his Discovery of the Law 
of Diffusion of the Gases. 

4th do. 1833-1835.— Professor Forbes, for his Paper on the Refraction and 
Polarization of Heat. 

5th do. 1835-1837.—John Scott Russell, Esq., for his Researches on Hydro- 
dynamics. 

6th do. 1837-1839.—Mr John Shaw, for his Experiments on the Develop- 
ment and Growth of the Salmon. 

7th do. 1839-1841.—Not awarded. | 

8th do. 1841-1843.—Professor Forbes, for his Papers on Glaciers. 


9th do. 1843-1845.—Not awarded. 


( iv ) 


CONDITIONS OF AWARD 


KEITH PRIZE. 


This Prize, the interest of a sum which now amounts to about L.630 left by 
the late ALEXANDER KEITH, Esq. of Dunnottar, will be awarded by the President 
and Council of the Royal Society of Edinburgh, on the following conditions :— 


I. The author of the best paper on a scientific subject (preference, being in all 
cases, given to a paper containing an important discovery in science made in any 
part of the world), communicated, in the first instance, to the Royal Society dur- 
ing the sessions 1845-6, 1846-7, or any two succeeding sessions, shall be entitled to 
the biennial interest of the Kr1tu Funp, accruing in the respective periods. 


II. The form of the Prize shall be a Gold Medal, of not more than Fifteen 
Guineas value. The remainder of the sum shall be given in money, to be spent in 


Plate or otherwise, at the discretion of the receiver. 


ITI. The award being duly intimated to the receiver of the Prize, he is to apply 
forthwith to the Treasurer of the Society for payment of it; and, failing to do so 
within six months of the date of the intimation, he shall forfeit the money, but 
shall be entitled to receive the Medal. 


( 87 ) 


X1.—On the Sums of the Digits of Numbers. By the Right Reverend Bisnor Terror. 


[Read 2d December 1945.] 


THE general properties of numbers, considered without reference to the nota- 
tion in which they are expressed, have been very fully investigated by several of 
the most distinguished mathematicians. Little attention, however, has been paid 
to the particular properties resulting from the principle of the modern notation, 
which is the expression of every number in a series, a + bn + en’, &c. where a, b,c, 
are the digits, and n the local value or root of the notation. Having been led to 
examine some of these results, and to account for them, I am now desirous of 
laying them before the Society. I do not flatter myself that they possess any 
great practical importance ; but as I have reason to believe that they are new, I 
trust the Society will not think them entirely unworthy of their attention. 

If, then, we look at the multiplication table, and examine, in the first place, 
the multiples of seven, we find them— 


7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, de. 
Sums 7, 5, 3, 1, .8, 6, 4, 2, 9, 7, 5, &e. 


If we also take, as above, the ultimate sums of the digits of these multiples, that 
is to say, the sum of the digits of each if that sum be a single digit, or, if not, the 
sum of the sum of those digits, till in each case we arrive at a single digit, it ap- 
pears, that, for the first nine places, these sums range through all the digits of our 
notation, without any recurrence, and then commence over again in the same 
sequence as before. 

On looking at the adjacent line of the multiples of siz, we find the case very 
different. The multiples are, 


6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72, &e. 
and their sums 6, 3, 9, 6, 3, 9, 6, 8, 9, &e. &e. 


Here only three digits occur in the series of sums, and these repeated over and 
over in the same order. Farther, we may observe, that what is true of seven is 
true of five, eight, and all numbers which are prime to nine; and that what is 
observed of the multiples of six, occurs also in the multiples of three, the only 
other digit which has a common divisor with nine. 

I began with accounting for these facts; and, proceeding from simple mul- 
tiples to the consideration of other integer series, such as the series of squarcs, 
cubes, &c., the successive powers of a given root, the polygonal and figurate num- 
bers, I found that wherever there is a fixed law of relation between the succes- 
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sive numbers, there is also a definite sequence and recurrence in the sums of the 
digits which express them ; and the results of these inquiries, with the requisite 
demonstrations, I will now, as briefly as possible, lay before the Society. 


Prop. I. 
If m and n are prime to one another, am cannot equal bn, unless a and b be 


equimultiples of nand m respectively. For, if am=bn, But by hyp. is a 
fraction in its lowest terms, therefore b=pm, and a=pn. 


Prop. II. 
If N=P .n—1++r,,. n being the local value of the notation, and P . n—1 being the 
greatest multiple of n—1, which is less than N ; then r,, is the ultimate sum of the 
digits of N. 
Let N=a+bn+cn?+dn', &c. 


N=p.n—1+a+b+e, &e. = pn—1+r, 
Again, let r,=g.n—1+,r,, where r, is the sum of the digits of r,, or the 
second sum of the digits of N. 
Then N=p+g.n—1+r,. Let this operation be continued till r,, becomes a 


single digit, we have N=P . n—1+r,, where 7,, is the ultimate sum of the digits 
of N. 


Ex. In our notation n=10, and »—1=9. 
Let N = 567434 =63068 x 9 +2 
here lst sum =29 
2d do. 
od do. = 


Cox. If r =n—1, then N is po of n—1. And, conversely, if N be a 
multiple of »—1, rz=n--1. 


Prop. III. 


If a be a number prime to x—T; and p, g be two numbers, whose difference is 
neither n—1, nor a multiple of n—1, then pa and q a cannot have the same ulti- 
mate sum. 

If possible let pa=mn—1+r and qa=m,.n— n—l+r, and let s=g—p, then 
sa=g a—pa=m,—m+n—1; but by hyp. a is prime to n—I, and s is neither »—1, 
nor a multiple of it; therefore, by Prop. I. sa cannot equal m,—mxn—1, and 
therefore p a and ga cannot have same ultimate sum. 


| 

| 

| 


BISHOP TERROT ON THE SUMS OF THE DIGITS OF NUMBERS. 89 


Prop. IV. 
If a have a common divisor with n—7 as v, then paand qa will have the same 
ultimate sum if g— ==>. 


Let pa=P.n—1+r, therefore ga=pa+"—! a. But visa 
divisor of a; therefore 9 a=P.n—1+r+6n—1=P,.n—1+7r, that is, pa and ga have 
same ultimate sum. 

Prop. V. 

If a be a divisor of »—I, or ™ pat =r, then pa and ga will have the same ul- 
timate sum if g—p=v. 


Prop. VI. 
If P=Q+R. The ultimate sum of P = ultimate sum of (sum Q + sum R). 
Let Q= mn—1l+r, R=m,.n—1 +r, 


But r and 7, being single digits, their aggregate is either a single digit, or — 
n—1+ asingle digit. In the former case, the ultimate sum of P = sum of Q + 
sum of R. In the latter, sum of P = sum (sum of Q + sum of R). 

Cor. If R be a multiple of »—1, or r,=n—1, sum of P = sum of Q. 


Prop. VII. 

From these propositions it follows, that in any arithmetical series, whose 
common difference is prime to n—1, the ultimate sum of any term (the p") = the 
ultimate sum of (p+g.—1)": but that no two terms at any other interval can 
have the same ultimate sum; and hence, that all the terms from the p” to the 
(p+n—1)™ range, as to their ultimate sums, through all the digits of the scale. 
For if the p™ term = sn—1+r, then the (p+gn—1)" term 
= st+bgn—1+r. 

Again, let p term=a, g*=a+g—p.6; but by Prop. L., since } is now taken 
prime to n—1, and g—p is neither »—1, nor a multiple of it, the g term must 
have an ultimate sum different from the p". 

Ex. 1. The successive multiples of any number prime to 9, are an arithmetic 
series whose common difference is that number. Thus, the multiples of 5 are, 


5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, &e. 
Sums 5, 1, 6, 2, 7, 3, 8 4, 9, 5, 1, 6, &e. 
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Ex. 2. But let the number whose multiples are taken have a common divisor 
with 9 (n—1) as 6. 
The series is 6, 12, 18, 24, 30, 36, 42, 48, 54, 60. 
Sums .. 6, 3, 9, 6, 3, 9, &. 
Where pete ot rien every third term, because 6 and 9 have a common 


divisor 3, and 3=3, that is "—*=3. (Prop. V.) 


Ex. 3. The recurrence of the sums, according to Prop. V., may be more 
strikingly illustrated, if we use a notation whose root is 13, and, consequently, 
n—1=12. If we express the successive multiples of 6 in this notation, we must 
adopt three additional characters for 10, 11,12. Let these be 1,,1,,1,. The 
successive multiples in this notation are, 

| 6, 1,, 15, 11,, 24, 21,, 33, 39, 42, 48, &e. 
Sums . . 6,1,, 6, 1, 6, 1,, &c., where we see the sums recur after 


two terms, because »—1=12, and 


Prop. VIII. 


If n be even, and n—1 consecutive terms of an arithmetic series be taken, the 
ultimate sum of the digits of their aggregate is n—1. But if n be odd, the ulti- 


mate sum will be »—1, or sum (“*= 2) according as b, the common differ- 


ence, is even or odd. 

For aggregate of n—1 terms of arithmetic series = (2a+n—2.6) . pet 
=an—1 Soe, If n be even — is integer, whether 6 be even or odd. 
Therefore the latter term is a multiple of »—1, and, consequently, the whole 
expression being a multiple of »—1, has »—1 for its ultimate sum (Prop. II., Cor.) 


But if n be odd, i is integer only when 0 is even. 


Prop. IX. 


If we assume as bases two numbers whose sum is s2—1, and take a series 
of the successive powers of each, then of the two series expressing the sums of 
digits of successive powers, the even terms are identical, while the odd terms are 
complemental, that is, their sum is »—1. 

Let m+m,=s.n—1, m,=s.n—1—m 
mi? = (sm—1) —p(sn—1)'m =m” according as p is even or 
odd. Here every term except the last is is a —, of s.n—1. 

Therefore if p be even, sum of m,= sum of m’”. 

But if p be odd, sum of m,= sum of (Q.n—1)—sum of m =n—1- sum of m. 
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To illustrate this and some of the succeeding propositions, I shall here 
introduce a table of successive powers of digits prime to 9, with their ultimate 
sums. | 


Powers 2, 4, 8, 16, 32, 64, 128, &c. 


| sums recur after 6 terms 


Powers 4, 16, 64, 256, 1024, &c. 


| Sums recur after terms 
Sums 4, 7, 1, 4 7, &e. 


1, 5, &c. |. 6 terms. 


Powers 7, 49, 343, 2401, 16807, &c. 


= 5, 25, 125, 625, 3125, 15625, 78125, &c. arr recur after 


sums recur after terms 


Powers 8, 64, 512, 4096, &c. 


bas | | Sums recur after 2 terms, 


In this table, we may observe that in every case the sum of the digits recurs, 
but at different intervals. Next, if we take two complementary bases, as 5 and 4, 
we find in the lines expressing the sums, that the first terms are respectively 
4 and 5, the 2d terms 7 and 7, the 3d 1 and 8, and so on; as was proved gene- 
rally in the last proposition. Lastly, we may observe that the digits 3, 6, 9, that 
is n—1, and the digits having a common divisor with n—1, never occur among the 
sums. It remains, then, for us to point out the reason of this last mentioned 
fact, and to discover the principle which fixes the period of recurrence. | 


Prop. X. 


Every power of a number prime to n—1, must have the sum of its digits also 
prime to n—1. 

Let m, which is prime to n—1, be reduced to its prime factors, or let 
m=a.b.c, &c. 

Then m’ = (d’.t’.<? &c.) Here m” has no possible divisors except a, 6, ¢, &c., 
and by hyp. none of these are divisors of n—1, therefore m” is prime to n—1. 

Now let m? =gn—1+,r. Here gn=1 contains all the divisors of n—1. If, 
therefore, 7 contains any of those divisors g.n—1 +r, or m” contains such divi-. 

VOL. XVI. PART Il. 2A 


| 

| 

| 

| 

| 

| 


92 BISHOP TERROT ON THE SUMS OF THE DIGITS OF NUMBERS. 


sors; but m” has been proved prime to »—1; therefore r contains no divisor of 
n—1, or is prime to it. 


Prop. XI. 


To determine the recurrence of ultimate sums in the series m, m*, m*, &c., 
m being any single digit. 

If we can determine what term will have 1 for its ultimate sum, the problem 
is solved. For if m’ = pn—1+1, m’*' = p.n—14+™m, or has same sum as first term, 
m'** =p”n—1+m", and so on, or sums recur after g terms. 

Every number (m) is of the form 3p or 3p + 1. 

‘1. If m be of form 3p, every power of m after the first is-a multiple of 9, 
and consequently the sum of every power =9. 

2. If m be of form 3p+1, 


In this expansion, every term is divisible by 9, except the two last, or 
m'=9 8+3pq+l. 

Consequently m* will have 1 for its ultimate sum, if 3¢ = a multiple of 9; 
but since (m being one of the digits) p cannot =3, or a multiple of 3, g must. If, 
then, g=3, 3 pq=9 p, and the sum | will recur at every third term. 

3. If m=3p—1, m'=3p" . . . . =(8pq—)), the sign being — 
if g be even, + if g be odd. 

a. Let g be even. m’=9 s—3pq+1; and this, as before, will give the ulti- 
mate sum 1, if 3 pq be a multiple of 9, or pg = a multiple of 3. If p be prime 
to 3, then g must be an even multiple of 3, as 6, 12, &c., or the ultimate sum 1 
recurs at every 6 terms. But if p be 3, or a multiple of 3, the sum will recur at 
every second term, for in that case g may be any even number. 

8. If g be odd, m’=9s+3pq—1, but by hyp. m’=9r+1, .. r—s.9=3pq¢—2, or 
3pq-2 is a multiple of 3, which is absurd. Therefore the sum 1 can never 
recur at an odd power, when m is of the form 3 p—1. 


If, now, we refer to the table given in Prop. [X., we see that of the bases 
there employed, 4 and 7 are of the form 3 p+1, and in them the sum 1 recurs at 
every third term. 2, 5, and 8 are of the form 3y—1. In 2 and 5, p is prime to 
three, and therefore the sum 1 occurs at 6th term. In 8, p=3, and therefore the 
sum 1 recurs at every even term. 

Cor. Hence, if m be not a multiple of 3, i. e. if it be prime to 9, m’ has 1 for 
its ultimate sum, for 1 must occur at 2d, 3d, or 6th term, and 6 is a multiple of 
2 and 3; therefore in any case the 6th power must have 1 for its ultimate sum. 


| 
3 
i 


BISHOP TERROT ON THE SUMS OF THE DIGITS OF NUMBERS. 93 


Hence m*=97r+1 or 97; the former when m is prime to 9, the latter when it has 
a common divisor with it. This is a form not given by Bartow. 


Prop. XII. 


In the series of m powers of successive integers, beginning from 1, the ulti- 
mate sums recur after n—1 terms. 

If m be odd, the ultimate sums of any two terms, whose roots together equal 
n—1, are either together equal »—1, or are each n—1. 

If m be even, the ultimate sums of such complemental terms are identical. 

After what has been proved, the demonstration of — is so easy that it is 


unnecessary to give it. 
Ex. Series of 2d powers 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121. 


4, 
Series of 5th powers 1, 32, 243, 1024, 3125, 7776, 16807, 32768, 95, 10°. 


Here, in the ultimate sums of the squares, we have Ist and 8th, 2d and 7th, &c. 
identical. In the ultimate sums = 5th powers, the Ist + 8th = 9, 2d + 7th = 9, 
and so on. 

It is worthy of notice, though rather out of place, that if, in the series of 
5th powers, instead of taking the sums, we take the difference between the sums 
of the odd and even digits, the difference will in every case be 1. This property 
is proved generally by Bartow, in his Theory of Numbers, p. 172, in this form 

that 2 * , where m i is a prime number, is of the form a m= 1. 

Ex. To illustrate this, and the property of sixth powers mentioned in the 

sas Prop., we shall take the 5th and 6th powers of 5 and 8. 


55= 3125 therefore ¢d,=(5+1)—(3+2)=1. 
5*°= 15625 therefore 3,=19, S,=10, S,=1. 

32768 therefore d,=(8+7+3)—(6+2)=10, d,=1. 
8° — 262144 therefore S,=19, S,=10, S,=1.* 

Cor. From the property above demonstrated of the sixth powers of numbers 
prime to 9, it follows, that for every sucli base the seventh power has its ultimate 
sum equal to the base; that is, that a7=m.9+a. For a*=p.9+1, .. a’=pa9+a. 

Ex. 5’= 78125, S,=23, S,=5. 

87 = 2097152, S, = 26, S,=8. 


* In these equations, d,, d,, &c., express the Ist, 2d, &c., differences between the sums of the 
odd and even digits; S,, S,, &c., express the Ist, 2d, &c., sums of all the digits. 
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Prop. XIII.—Of Polygonal Numbers. 


In any series of polygonal numbers, » the root of notation being even, the 
sum of the digits of the (s+n—1)" term = sum of s” term 


For every polygonal number is of the form fag, where m is 


2 
the number of the order, and s that of the term. 
For s substitute s+n—1, 


x 
2 


_m—2.8—m—4.8 m— 2.(2 s.n—1 + 
= 2 


1)—m—4 
| 2 
But n being even, the fractional expression is integer, whether m be even or odd. 
Therefore P and P’ have same ultimate sum. (Prop. VI. Cor.) 

If n be odd, the fractional expression is integer only when m is even. 

-The same inference might at once be drawn from the consideration, that the 
s term of any order of polygonals is the sum of s terms of an arithmetical series. 


Prop. XIV. 
If, as in our notation, n be even, the s*, (s+p.n—1)™ and (p. leew terms 
of a triangular series have all the same ultimate sum. 


In this case, m= 3, and term = 


Therefore, Here the co-efficient 


of n—1 is integer, whether p be odd or even: and therefore sum of (s+p.n—1)™ 
term = sum of s*. 


and as the coefficient of n—1 is again integer, whether p be odd or even. Sum of 
(pn—1—s+1)*= sum of s*. 
Ex. The triangular numbers are,— 
1, 3, 6, 10, 15, 21, 28, 36, 45, 55, 66, 78, &c. 
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Here we observe that the Ist, 7th, and 10th, have the same sum ; so also 
have 2d, 6th, and 11th, and so on. 


But the same series expressed in the tredecimal notation, and continued to 

13 terms, is | 
1, 3, 6, 1,, 12, 18, 22, 21,, 36, 43, 51, 60, 70 

Here the 13th term has a sum, 7, different from the first. 

But if we take p=2, n—1=12, and s=11, 
then p..—1—s+1=24—12=12; therefore 11th and 12th have same sum. | 

If s=10, 26—11=13, therefore 10th and 13th have same sum, and so on. 

Note.—In the decimal series it may be observed, that not only the Ist, 7th, 
and 10th terms have one for their ultimate sum, but also the 4th, 13th, &. 


This happens, because in the decimal scale, 4= >: 


n—2 
but the a term ee Lee =n, and, consequently, its ultimate 
sum is 1. | 


Prop. XV. 


If the general term of any series be az™+ba"—'+c2™-*? . . . . JL; then 
evidently, if z+n—1 be substituted for z, the result will be the original term + a 
multiple of n—1. Or, as in all the preceding forms, the same ultimate sum will 
recur after n—1 terms. 

Let z,=y—z, then az*=ay*—2ary+az* 
b62,= by—bz 
= 
Therefore 


Now, let y be assumed such, that ay+4=p.n—1, then the 2 and 2," terms 
will have same ultimate sum. . 
Ex. Let 2*+32+1 be the general term. Substitute for 2 successively 0, 1, 2, 
&c., we have the series, 
1, 5, 11, 19, 29, 41, 55, 71, 89, 109, &c. 
Ultimate sums, 1, 5, 2, 1, 2, 5, 1, 8 8 1, &. 


Here a=1, 5=3. If, therefore, y+3=9, or y=6, the two terms in which the 
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numbers substituted for # are together equal to siz, will have the same ulti- 
mate sum. Thus, in the above series, the Ist and 7th terms, in which 0 and 6 


are respectively substituted for #, have the same sum; so also the 2d and 6th, in 
which 1 and 5 are substituted, and so on. 


Prop. XVI. 

In the series whose general term is mm+1 .... m+r—1,ifm+n-—1 be 
substituted for m, the ultimate sum of digits will remain as before. 

If to each factor we add a, the term becomes 

a+mxat+m+lxa+m+2 .. . a+m+r—1 
. +mm+im+2 . . . . m+r—l, 

where a is a factor of every term except the last. Let a=n—1 then term 

m+n—1.m+n, &&. =m.m+1, +s.n—1, whose ultimate sum = that of 


m.m +1.m +2, &e. 
Taking the same general term, if m+m,=n—r, m’=n—1—m+7r-—1. 
Therefore m,.m,+1.m,+2 . . . 
xn—l—m+r—2 
x &e. 
xn—l—m 
his 3). into every term the last, 
which ism.m+1 . . . m+r—1 with the sign + according as r is even or odd. 


If r be even, the m™ and m'? terms will have the same ultimate sum; but 
if 7 be odd, the sums will be complemental. 
All the terms from the »—r to the n—1" must have n—1 for their sum; be- 
cause »—1 must manifestly be a factor in each of them. 
Ex. Let r=2. Series is 1.2, 2.3, &c. 
=2, 6, 12, 20, 30, 42, 56, 72, 90, 110 
Sums are, 2, 6, 3, 2, 3, 6, 2, 9, 9, 2,é¢. 
Let r=3, or series 1.2.3, 2.3.4, d&c. 
=6, 24, 60, 120, 210, 336, 504, 720, 990 
Sums, 6, 6, 6, 3, 3 3, 9 9 9, &. 
In the Ist example, 7 being even =2, m+m,=10—2=8; 
therefore the Ist and 7th, 2d and 6th sums ought to be identical. 
In the 2d, 7 being odd =3, m+m,=10—3=7 ; 
therefore the 1st and 6th, 2d and 5th, &c. sums are complemental. 


Prop. XVIII.—Series of Figurate Numbers. 


If the series be m, Ser) eer iets, &c., where each term is the m* 
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term of the Ist, 2d, $d, &c., order of figurates, the whole may be reduced to a 
common denominator, and represented thus :— 


2.3.4 ....m—lm 3.4.5..... 


of which the numerators follow the law of the series treated in the last pro- 
position. If, therefore, in the series of figurates, the successive sums be taken, 
and each multiplied by 1.2.3 . . . m—1, the products will form a series recur- 
ring after n—1 terms. 


Ex. 4 + &c. 
= 4410+ 20 +35 +56 +84 + 120 + 165 + 220 + 286 + 364 + 455 
Sums, =4, 1, 2, 8, 2, 3, 3, 3, 4, 7, 4, 5, 
_ Multiplying by 1 . 2. 3=6, the sums of products of sums become 
6, 6, 3, 3, 3, 9, 9, 9, 6, | 6, 6, 3. 


Prop. XIX.—Of the Ultimate Difference of Digits. 


It is a well known property of digits, that the remainder, when any number 
is divided by the root of the scale employed +1, is equal to the ultimate remain- 
der of the even digits subtracted from the odd ; or, using a notation similar to that 
we have before employed, that N=p.n+1+d,. As, however, d, must always be 
+, if at any step the sum of the even digits be greater than that of the odd, n +1, 
or such a multiple of » +1 as will make it the greater, must be added to the latter. 

From this fundamental proposition, a series of propositions analogous to the 
preceding may be deduced, relating, not to the sums, but to the differences of the 
digits. The demonstrations are so similar to those already given, that I shall 
merely illustrate the matter by examining the succession of differences in the 
series treated in Prop. XV. 

The general term was az?+6z+e. 

Let x become z+p.n+1, the term becomes 

Hence the remainder, after dividing by »+1, will be the same in both cases, 
or the ultimate difference will recur after n +1 terms. 

let =y, then 

hanes ay+6=n+1, then the two terms will have the same ultimate differ- 
ence. 

Ex. Take as before for the gencra! term z*+32+1, 
here a=1, 6=3, n+1=11, therefore y+3=11, or y=8. 
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If, therefore, the sum of the two numbers substituted for « in the expression 
z*+32+1, be 8, the differences in the two cases will be identical. 
Substituting successively 0, 1, 2, &c., we have the series 
2 ae 3 4 5 6 7 8 9 10 11 12 
1, 5, 11, 19, 29, 41, 55, 71, 89, 109, 131, 155, 181, &. 
_ Differences, 1, 5, 0, 8, 7, 8, 0, 5, 1, 10, 10, 1, 5, &e, 
where we see, lst, that the differences recur after 11 terms; 2d, that if 0 and 8, 
1 and 7, 2 and 6, &c., be substituted for z, the differences are identical. 


Eprypureu, December 2. 1845. 
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XII.— Results of the Makerstoun Observations, No. I. On the relation of the Varia- 
tions of the Horizontal Intensity of the Earth’s Magnetism to the Solar and 
Lunar Periods. With Two Plates. By J. A. Broun, Esq. Communicated 
by Sir T. M. Brispane, Bart. 


(Read January 5. 1846.) 


1. Tue following communication is intended to be the first ofa series, in which 
I propose to consider the results of observations made at Makerstoun, near Kelso, 
Roxburghshire, in the Observatory of the President of this Society. These ob- 
servations, and the tabular results, will be found ultimately in the volumes of 
Makerstoun Observations, constituting volumes of the Society’s Transactions. 

2. It has been found convenient to separate the observations of the varying in- 
tensity of the earth’s magnetism into two parts, namely, its resolved components 
in the horizontal and vertical planes. I shall treat at present of the variations 
of the horizontal component. These variations are observed by means of the 
bifilar magnetometer, an instrument devised by M. Gauss, and modified by Dr 
Lioyp, described in the Introduction to the Makerstoun Observations for 1842. 
It consists simply of a magnetic bar, suspended by two silver wires, the latter 
being twisted out of a vertical plane, the magnet is forced from the magnetic me- | 
ridian; the variations of its position afterwards are due to two causes, namely, 
variations of the horizontal component of the earth’s magnetic force, or of the 
moment of free magnetism of the bar; the former are due to changes of the total | 
_ force or of its dip, the ordinary variations of the latter are due to temperature; 
and it is, accordingly, a point of much importance to determine the correction for 
temperature with accuracy, in order that the simple effect of varying intensity 
may be obtained. I have pointed out, in a paper read before this Society last 
session, the imperfections of the method usually adopted for the determination of 
this correction, and the method which has been adopted for the correction of the 
Makerstoun Observations. I shall afterwards exhibit an example of the very dif- 
ferent results to be deduced, after correcting observations by the two methods (11). 

3. The horizontal force varies throughout the solar day, having, in that period, 
two maxima and two minima. The hours of the principal maximum and minimum 
were first pointed out by M. HansTEEN, but I am not aware of the first determina- 
tions of the secondary points. Inthe years 1844 and 1845, observations were made 
at Makerstoun every hour excepting on Sundays. (See Curve, No. 1, Plate III.) 
From the means of the whole observations for the year 1844, the principal mini- 
mum occurs about 20™ past 10 a.m. (Makerstoun mean solar time is used through- 
out), or exactly when the sun is on the magnetic meridian of Makerstoun; the 
force then increases rapidly till between 3 and 4 p.m., when there is a slight in- 
flexion; again it increases with its previous rapidity till about 5} p.m., when the 
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maximum is attained. It now commences to decrease slowly till 8 p.m., more 
rapidly from 8 till 9, causing another inflexion in the curve, slowly again till 
2» 20™ a.mM., when there is @ minimum; the force then increases slightly till 
5» 30™ or 40" when @ maximum occurs, after which it diminishes rapidly till 
10" 20" a.m., the period of the minimum. These hours differ somewhat from 
the periods obtained at other observatories ; and while some part of these differ- 
ences may be due to errors of temperature correction, I do not think that such 
errors will altogether account for them, but that the accurate periods of maxima 
and minima will be found to differ at different places. At Toronto in Canada, 
for example, the maximum occurred a little after 4 p.m. in 1842; and as the 
mean temperature of the magnet at the succeeding observation hour differs but 
little from that at 4", the period cannot be affected by temperature. Some 
observatories shew the maximum as late as 7 p.m. It does not, however, seem 
improbable, that the periods of maxima and minima should differ at differ- 
ent places, when it is known that these periods vary at the same place in the 
course of the year; at Makerstoun, in 1844, the afternoon maximum occurred as 
early as 3" 10" in December ahd January, and as late as 6" 50" in June; the 
‘minimum at 10" 20" a.m. in the winter months, and at 9° 40™ a.m. in June; the a.m. 
maximum occurs at 6" 40™ in December, and about 5° in the summer months, 
while the earliest minimum occurs nearer midnight in winter than in summer. 
In this way the periods of the principal maximum and minimum approach to 
each other, and to noon in winter, and remove from each other, and from noon in 
summer. (See Curve, No. 1.) The reverse to some extent takes place with regard 
to the periods of the secondary maximum and minimum, which remove from each 
other in winter, and approach each other in summer, till in June the maximum 
and minimum seem to destroy each other. 

The morning maximum is greater than the afternoon one in December ;—in 
November, January, and February, they differ but little from each other ; and in 
~ December, January, and February, the two minima are nearly equal. 

4. The inflexions noted in the mean curve about 3 p.m. and 9 P.m., become 
minima in the winter months, so that there are then three or four maxima and 
_ minima; the smaller ones nearly compensate each other in the mean of the winter 
months, as they occur at different hours in each month.* I shall consider the cause 
of these secondary afternoon maxima and minima on another occasion. With 
regard to the 2 A.M. minimum and 6 a.M. maximum, these seem nearly to vanish 
in the summer months. In the means for the months of June and July they can- 
not be detected, excepting that the intensity decreases more rapidly after 6 a.m. 
than before it; it should not be concluded on this account that this maximum and 
minimum do not exist. Having projected the hourly observations made in each 
day of June and July, [ have not found one day in ten on which the secondary maxi- 

* November, December, and January, have been taken as the three winter months. 


HORIZONTAL FORCE, 1842 
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mum and minimum do not exist; the periods. however, are variable, and in this 
way they seem to balance each other in the mean; the maximum of one day 
occurring at the time of the minimum of another. (See Curve, No. 1.) It will be 
remarked also, with regard to the mean of tlie summer months, that the descend- 
ing branch, after the 6 p.m. maximum, has a strongly marked concavity, indi- 
cating a tendency to a minimum which does not decidedly shew itself. 

5. It has been shewn by Drs Lamont and Lioyp, that the morning maximum 
seems to occur throughout the year a little before sunrise, and the afternoon maxi- 
mum a little before sunset. I would mention another coincidence; the times of 
maximum atmospheric pressure and minimum intensity are the same through- 
out the year, and also the times of minimum atmospheric pressure and maxi- 
mum intensity. There is also a secondary minimum of pressure occurring about 
the same hour as the secondary maximum of intensity, and the secondary maxi- 
mum of pressure occurs about 10 p.m., the period of an inflexion in the intensity 
curve. 

6. The diurnal range of intensity is least in January, and greatest in July, 
being 0:000641 in January (the whole horizontal force being unity), and 0:003396 in 
July, or five times greater in July than January ; the mean diurnal range for the 
year is 0°002041, being almost exactly the mean of the ranges for January and 
July, and the same as the ranges for March and October. I have projected the 
mean range for each month in 1844, and also the mean altitude of the sun for 
each month. (See Curve, No. 2, Plate III.) There is a considerable similarity in 
the forms of the two curves ; a marked inflexion occurs in June in the range curve. 
As June is remarkably free from irregularities, it seems to me probable that the 
range for June is the true diurnal range freed from those irregularities termed 
disturbances. If so, we may perhaps consider the deviation of the ranges for 
other months from the curve of altitudes as due to disturbances ; in which case 
we might conclude that disturbances increased the diurnal range most in April 
and October, and least in February and June. This, however, requires other proof. 

7. At Makerstoun, in 1844, each degree of the sun’s altitude was equivalent 
to a diurnal range of about 0:00006 of the horizontal intensity. 

8. The mean intensity at midnight and at 1 p.m. are each equal to the mean 
of the year, and the means at these hours for each month differ very little from 
the mean of the month. This leads me to the monthly means, and their relation 
to the period of a year. | 

9. In June 1845, I shewed to the Physical Section of the British Association, 
that the Makerstoun observations of horizontal intensity for 1842 indicated 
well-marked double maxima and minima in the course of the year; and that 
as this result had been obtained from the means of only four observations in each 
day, I had determined the temperature correction approximately for the Toronto 
bifilar magnet, by the method already referred to, and applied this correction to 
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the monthly means, as deduced from the observations of horizontal force made at 
Toronto in 1842, at the following hours :—First, the hours corresponding to the 
Makerstoun hours ; this could not be done exactly, as the observations were. 
made at Toronto every two hours only, and for each of two of the Makerstoun 
hours, the mean of two of the Toronto hours had to be taken; thus, one of the 
observation hours at Makerstoun was 7 a.m.; the mean of the Toronto observations 
at 6 and 8 a.m. was taken as equivalent (see the open curve, No. 3, Plate III.) 
Second, from the whole two-hourly observations (see the open curve, No. 5, Plate 
IV.) The monthly means from both these methods, gave the same, or nearly the 
same, annual period as the Makerstoun observations. 

10. Lhave since then verified this period by the monthly means of the observa- 
tions made at Makerstoun in the years 1843, 1844, and 1845. I may first refer 
to the Makerstoun and Toronto curves for 1842, which were exhibited to the 
Physical Section of the British Association at Cambridge. (See Curves, No. 3, | 
Plate III.) From these I concluded that the horizontal force of the earth’s mag- 
netism has an annual period, consisting of a maximum at each solstice, and a mi- 
nimum at each equinox ; both curves present a curious inflexion in March, which 
{ then considered due to some irregularity. The monthly means for the years 
1842, 3, 4, and 5, have also been projected together ; (see Curves, No. 4, Plate III.) 
the whole speak the same language, excepting that the inflexion in March 1842 
does not occur in the other years, unless it may be said to do so in 1845. All the 
curves shew a considerable secular change, the horizontal intensity increasing 
throughout the whole period. Whether this be really an increase of the earth’s 
horizontal intensity, or due to some instrumental cause, cannot be positively 
stated; it is not at all likely to be due to an increase of the free magne- 
tism of the bar, which is suspended at right angles to the magnetic meridian ; the 
only apparent and possible cause is a stretch of the suspension wires; it must 
be a matter for consideration, whether such a cause is likely to operate for such 
a period, and to nearly an equal amount for two years. Whether a secular 
change of horizontal intensity, or due to a stretch of the wires, it is evident that it 
may be considered as a regular increase throughout the year. Upon this hypothesis 
I have eliminated this increase from the monthly means of the last three years, 
and projected the mean below the others. This curve shews more strikingly the 
annual period of solstitial maxima and equinoctial minima. The minima have 
nearly the same value; the summer maximum is greater than the winter maxi- 
mum, but so little, that an error of ,a thirtieth in the amount of the temperature 
correction, would account for the difference. The annual range from the mean of 
the three years is 0°000724, or about the mean diurnal range for the three 
winter months. 

11. M. Hansteen concluded from his observations, that there was a maximum 
of horizontal intensity in December, and a minimum in June. Colonel Sasivz con- 
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cludes from the Toronto observations for 1842 (corrected by the usual method), that 
there is a maximum in June, and a minimum in December. I have projected 
the monthly means of the Toronto observations as corrected by the usual method. 
From these Colonel Sanrve draws his conclusion. Under it I have projected the 
temperature of the magnet in a broken line, and below both, the means from the 
two-hourly observations, as corrected approximately by myself. (See Curves, 
No. 5, Plate IV.) These will shew how much depends on the accuracy of the cor- 
rection in arriving at sound conclusions. I conceive that the consistency of the 
results at which I have arrived, independently of other considerations, will leave 
- little doubt as to which method of obtaining the correctious should be adopted. 
12. It has been already mentioned (10), that the apparent secular change con- 
sists of a considerable increase of horizontal intensity. Throughout the wholeperiod, 
the rapidity of increase has been diminishing, and it is much less in 1845 than in 
any of the previous years. Of all the puzzling problems in terrestrial magnetism, 
that of connecting the secular change with some known or observed phenomenon 
has been the most difficult ; any fact, therefore, tending to this, will have interest. 
One of the first questions which I proposed to myself, connected with it, was 
whether all hours of the day were equally affected by the secular change? In order 
to answer this more distinctly, the annual period was eliminated from the monthly _ 
means, or, which is nearly the same thing, the mean of each month was reduced to 
the straight line passing through January and December 1844.* I then found 
that the mean horizontal force in the first six months of the year 1844, was almost 
constant one hour after the period of the morning maximum, and also that'it was 
almost constant for the last six months, one hour before the period of the even- 
ing maximum. When the diurnal curve for each month was projected, I found 
the curves for the first six months to pass through a space of 3-4ths of a scale 
division in the ordinate of 6 40” a.m., with the exception of the curve for Feb- 
ruary, which is very irregular there. The curves for the last six months pass 
through a space of 1} scale divisions, in the ordinate of 4" 40" p.m.; the increase 
of horizontal force from January till December was 18 scale divisions. I next elimi- 
nated all the larger disturbances from the monthly means of each hour, but this 
neither affected the periods of the nodes, nor the values of the ordinates in which 
they were contained. In this way, then, the horizontal force in its secular pro- 
gress, seems to rest one foot during the first half of the year about an hour after 


* The line should have been drawn through January 1844 and January 1845, but that there is an 
irregularity in the progress of the horizontal force from December 1844 to January 1845, compared 
with the previous years. I have, however, also reduced the means to the line passing through Janu- 
ary 1844 and January 1845, and find the ordinate of the morning node slightly increased, but that 
for the evening node diminished. 
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the morning maximum, and extends the other forward at all other hours of the 
day, making the greatest strides at the time of the afternoon maximum. During 
the second half of the year, it rests the previously advancing foot about an hour 
before the evening maximum, and brings the lagging foot forward at the other 
hours, but with the greatest rapidity at the time of the principal minimum. 

13. There is perhaps nothing more difficult in groping for the laws which regu- 
late certain phenomena than the separation of the effects due to different causes ; 
but it is quite obvious that, before we can arrive at any sound conclusion as to 
simple laws, this must be done. In the determination of the diurnal period all 
the observations at each hour for a calendar month or year are summed, and the 
means taken; in these summations are included several irregularities named dis- 
turbances ; if the disturbances occurred equally positive and negative at the same 
hour, or were equally distributed over the twenty-four hours, a large enough series 
of observations would serve to eliminate them ; neither of these suppositions seems 
to hold, and accordingly, certain hours in some months are more affected by dis- 
turbances than the same hour in other months, or than the other hours of the 
same month; the diurnal curve, therefore, is complex. There are other causes, 
as will be seen afterwards, which render it more so. 

14. In the attempt to determine whether the horizontal intensity varies with the 
moon’s declination, the days were numbered from the day of the moon’s greatest N. 
declination, counting that day 0 till it returned to the greatest N. declination again ; 


and, as 13 of the moon’s revolutions, with regard to node, are equivalent to 12 
_ Junations, and nearly to a year, the 13 revolutions, with regard to declination, were 


selected for summation ; as, by this means, any effect due to varying phase, or to 
annual period, would be eliminated. The mean intensity for each of the 13 days on 
which the moon had its greatest N. declination were then summed together ; the 
means for the 13 days numbered 1, in which the moon was moving south, and so 
on. For the purpose of verifying the result thus obtained, similar summations 
of the observations for 1845 were made ; in this case, however, only 12 revolutions. 
with respect to declination, were obtained, so that any effect of phase will not be 
perfectly eliminated. No attempt has in either case been made to eliminate dis- 
turbances. The results of these summations were projected, having previously 
eliminated the effect of secular change. (See Curves, No. 6, Plate IV.) The 
curve, from the observations of 1844, indicates a maximum about 2 days after 
the moon has attained its greatest S. declination, and a maximum about a day 
after it has attained its greatest N. declination—the maxima have nearly equal 
values, so also have the minima. The branches ascending to and descending 
from the period of greatest S. declination are greatest; so that the periods of mi- 
nima are nearer, the greatest N. declination being about 5 days before and after it. 
The curve deduced from the observations of 1845 shews the maxima nearly at 
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the same periods as in 1844; but the branch ascending to and descending from 
the period of greatest N. declination is greatest, the periods of minima being 
nearer the greatest S. declination, namely, about 5 days before it and after it. 
The curve for 1845 is, however, more irregular after the S. declination maximum 
than in any part of the other curve. Besides the non-elimination of the effect 
connected with varying phase and disturbance, there is another possible cause of 
difference, namely, the varying distance of the moon; the period of perigee is 
about two days before the greatest S. declination in 1844, and two days after it 
in 1845. It should also be remembered that each point in these curves is a mean 
of only 12 or 13 days; as for the minor irregularities in the positions of the 
points, it is obvious that, as there are 27 days between the periods of the moon’s 
greatest N. declination, if the full moon occurs on the day of greatest N. declina- 
tion in one month, it will occur on the second day after the greatest N. declina- 
tion on the next month, the fourth day on the next, and soon. It will be seen 
afterwards that this will cause a slight irregularity. It is on this account that 
I have projected the curves among the points, giving a preference to the mean 
positions of each two points. 

_ 15. The similarity of the positions of maxima and minima in these curves, hav- 
ing the moon’s declination for abscissee to the annual curve, or that having the 
sun’s declination for abscissee, is at once evident; by taking the mean of the two 
lunar curves, however, the cases will be identical, for then the moon’s perigee 
will occur at the time of its greatest 8. declination, and its apogee at the time of 
the greatest N. declination; this is the case with us for the sun. The resulting 
means have been projected below the other curves. By comparing the mean 
curves of No. 4 and No. 6, it is at once obvious that the facts are the same for 
both the sun and moon. I conceive, then, that I am justified in stating that the 
same relation exists for the moon as for the sun between the variations of the 
horizontal component of the earth’s mage intensity, and the variations of de- 
clination and parallax. 

16. We have, then, a law connected with two periods, namely, distance and 
declination. To which does it belong, or does it belonz to both? It will take a few 
years’ observations to determine this for the moon : it may be determined for the 
sun by observations for the annual period made in the Southern Hemisphere. Is 
there a maximum at the greatest N. declination, and also at the greatest 8S. de- 
clination; or have changes of declination no effect ? and are the maxima due to 
the moon’s or sun’s distance solely? The supposition that at first sight seems 
most probable is, that these variations are due to both; that a maximum occurs 
at the time of perigee, a minimum at the apogee, a maximum at the greatest N. 
declination, and a minimum at the greatest S. declination. It may easily be 
shewn that two regular curves having these arguments, when superposed, would 
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- concerned, as it seems rather improbable that the effect of increasing distance 
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produce two minima. Thus, if APA be the curve due to distance, NSN 
that due to declination, the curve B PC, produced by the superposition of their 
ordinates will have two minima, if the sum of the ordinates ab+a'l’ be less 
than the sum DN+AB, and a” b” +a” b” be less than EN+AC. 

The fact, that in both the solar and lunar curves the maxima are nearly 
equal, is against the supposition that both distance and declination are equally 


should precisely counterbalance the effect of increasing N. declination. We have, 
however, much more singular cases of compensation in the motions of the heavenly 
bodies. | 

17. The range of the lunar declination curve for 1844 is 0°000455 ; for 1845, 
0000390 ; and, for the mean of both years, 0°000380. 

18. I have already mentioned (14), that, by taking 13 revolutions of the moon, . 
with respect to its declination, we eliminate any effect due to the varying phase of 
the moon. Similarly, if we take 12 lunations, and sum the mean intensity for 
the twelve days on which the moon was full, the twelve days on which it was one. 
day old, and so on, we eliminate the effect of varying declination, and also the 
annual period very nearly. If, however, we may ‘consider the intensity with 
respect to N. declination similar to that with respect to S. declination, it is evi- 
dent that 6 lunations will be sufficient to eliminate the effect of declination. (See 
Curves, No. 7, Plate IV.) I have had the observations during the six summer 
lunations for 1844 summed by themselves; and also those during the six winter 
lunations ; the mean intensities for both, for each day of the moon’s age, have been 
projected, and also the mean for the year. All indicate a maximum of intensity 
about two days after the new moon, and a minimum perhaps two days after the 
full moon; the summer curve has an irregularity before full moon, and its range 
is only half that for the winter months. The minor irregularities may be ac- 
counted for in the same way as for the declination curve. The range for the 
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winter months is 0°001040. It appears to me, however, that it is exaggerated, 
owing to the curious fact, that the chief negative disturbances in 1844 occurred 
about the time of full moon. 

19. It has not appeared to me necessary to verify this law by the result of ano- 
ther year’s observations. Each of the winter months of 1844 shews the facts as 
completely as the mean; in the summer months, the result is not so evident. It 
would appear as if the effect of phase swallowed up the effect of declination in 
the winter, while the reverse occurred in summer. I have projected the means 
of the horizontal intensity for each day from January 4th till April 3d, 1844, 
including three synodical periods. (See Curves, No. 8, Plate IV.) In each period 
the curve shews the facts most completely; and the lunations in September, Oc- 
tober, November, and December, shew them perhaps better. The periods of 
greatest N. and S. declination, and of the syzygies, are indicated on the curves, 
the open O being full moon. There are several curious facts, in connexion with 
the observations projected, which I cannot enter fully into at present; I may 
remark, however, the appearance of a weekly period. No observations being made 
on Sundays, breaks occur in the curve, where the intensity for these days should 
appear. A great disturbance spoils somewhat the form of the curve in March; 
the point belonging to the 29th of March would occur about 1} inches below’ 
the margin. 

20. The law of the variation of the earth’s horizontal intensity with the moon’s 
phase, is one productive of many speculations. There is an evident connexion of 
the great diurnal variations of the horizontal intensity, with reference to the sun’s 
hour angle; there is also a strongly marked connexion between the diurnal 
range and the sun’s altitude ; and we have a certain connexion between the sun’s 
declination and the annual period. Are these connected with the heating power 
of the sun, its light, or its magnetism? Sir Jonn Herscuex has stated, that, as 
the sun’s rays shine with their whole force on the moon’s surface for a fortnight, 
unstopped by an atmosphere, the heat of the surface must be much more intense 
than that of a tropical summer; while, after the next fortnight, the cold must be 
more severe than that of a polar winter. M. Cournot, the French translator of 
Sir Joun Herscuet’s Treatise on Astronomy, opposes this opinion, and argues 
that, as there is no atmosphere to prevent radiation, our knowledge of the laws 
of radiant heat would lead to the conclusion, that the temperature of the 
moon’s surface would differ little at the times of new and full moon.* Supposing 
Sir Jonn HerscuHev’s opinion accurate, if we could conceive the moon as a mag- 
netic body acting by induction on the earth, then, according to our knowledge of © 
the effect of heat on magnetic bodies, its intensity would be greatest when it was 
coldest, and least when warmest: the period of greatest cold we should expect 


* Quoted by M. Francogzur; Uranographie, p. 97. 
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to be a day or two after the new moon, and of the greatest heat a day or two 
after full moon, in the same way as our periods of greatest cold and heat are 
after the winter and summer solstices. This seems to agree with the periods of 
maximum and minimum horizontal intensity. If M. Cournot be right, or if Sir 
Joun HerscuE’s supposition be insufficient, then we must look to the solar ema- 
nations reflected or radiated from the moon for the causes of tlie variations of the 
earth’s magnetism, and to our atmosphere for a cause of the supposed retardation 
of epoch.* 

21. The connexion of lunar phase and horizontal intensity was first noticed 
by me in July 1845. Iam not aware of any investigations on the relation of the 
horizontal intensity to the lunar month, excepting a paper by M. Hansteen, of 
which I have lately merely seen the title, which refers to the connexion of the 
horizontal intensity with the moon’s ascending node. 

22. Having mentioned some time ago to Professor Forses, that I was engaged 
in examining the relation of the lunar periods to the variations of the earth’s 
magnetism, I learned from him that M. Krerm. of Prague had stated, in his 
volume of observations for 1842, that the horizontal intensity was greater at the 
moon’s passage of the inferior meridian, than at its passage of the superior meri- 
dian. I know not whether M. Kre tx has verified his statement, or to what extent 
his observations prove it.t I have now discussed the observations for 1844, with 
reference to this period, and have verified my results by a similar discussion of 
the observations for 1845. I shall, at present, merely state the leading facts, and 
leave the details to another communication. 

23. The observation at the hours on which the moon was on the meridian were 
termed 0 hours, the observation the hour after one hour, and so up to 24; as the 
moon takes about 25 hours to return to the meridian again. On some occasions 
there were only 24 observations between the two passages; in these cases (few 
in number) the hour of passage was reckoned as 24 hours, and also as 0 hours of 
the next day. The summations for the hours were made for each month; I shall 
only speak of the means for the whole year in this communication ; these means 
have been projected. The large disturbances have been eliminated from the sum- 
mations for 1844 and 1845. (See Curves, No. 9, Plate IV.) Any observation in 
1844 which shewed a difference from the monthly mean, for the hour at which 


* It is evident that the variations of horizontal intensity may be due either to changes of the 
total intensity, or of its direction ; any reasoning, therefore, on these facts must be necessarily incom- 
plete, until we are certain of the actual effect. 

+ I have, since this was written, been favoured by Professor Forses with a copy of M. Kretiy’s 
table for the horizontal force during the moon’s hour angle. It indicates a minimum of intensity 
about two hours before the meridian passage, and maximum peaks at 12" and 15", giving the interpo- 
lated period of maximum about 1} hours after the inferior meridian passage ; the latter period agrees 

completely with my own conclusion, the former differs about three hours from my result. 
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it was made, of above twenty scale division (twelve times the resulting range of 
horizontal force in the lunar hour angle curve), was rejected, and an interpolated 
quantity substituted ; this elimination, however, was not found to affect the pe- 
riods of maxima and minima; it reduced the range, and rendered the curve 
somewhat more regular. In the observations for 1845, as a farther check on these 
eliminations, a different tes; number was employed, namely, forty scale divisions, 
or nearly twenty-five times the resulting range of the lunar hour angle curve. 
24. In both years, he minimum occurs at 20°, or 5* before the meridian 
- passage; the maximum at 14", or about 1}" after the inferior passage: in both 
years, a minimum occurs at 8"; in 1844, @ maximum occurs before 4"; and in 
1845, before 3". The maximum at 3", for 1845, differs little from the maximum 
at 14"; but the maximum at 4’, in 1844, is considerably less than the maximum 
at 14". The coincidences of these results may be considered extraordinary, when 
it is known that the range in 1844 is only 0°000211, and in 1845 only 0°000213, 
or less than the effect of one degree of Fahrenheit on the magnetism of the bifilar 
bar. 
25. Several questions spring from this result of the connexion of the intensity 
with the moon’s hour angle. Does the range of the lunar hour angle curve vary with 
the moon’s declination? If so, then we do not eliminate the lunar effect from — 
the solar day curve by a monthly or any other summation. Do the periods 
of maxima and minima vary throughout the lunar month in the lunar hour angle 
curve, as they do through the year in the solar day curve? These questions 
I shall endeavour to examine at another opportunity. 


Maxerstoun, December 26. 1845. 
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XIII.—On the Decomposition and Dispersion of Light within Solid and Fluid 
Bodies. With a Plate. By Sir Davin Brewster, K.H., D.C.L.,F.R.S., an 
V.P.R.S. Edin. | 


(Read 2d February 1846.) 


Havy*, and other mineralogists, observed the two colours which are visible 
in several varieties of fluor-spar. He regarded the two tints as complementary, 
and explained them, as he did every other analogous phenomenon, by a reference 
to the colours of thin plates. In describing a species of dichroism noticed by Dr 
Proutt in the purpurates of ammonia and potash, Sir Joun HeErscHe. ascribes 
the green reflected lightt “ to some peculiar conformation of the green surfaces 
producing what may be best termed a superficial colour, or one analogous to the 
colour of thin plates, and striated or dotted surfaces.” And he adds—* A remark- 
able example of such superficia! colour, differing from the transmitted tints, is 
met with in the green fluor of Alston Moor, which, on its surfaces, whether na- 
tural or artificial, exhibits, in certain lights, a deep blue tint, not to be removed 
by any polishing.” — 

Having, many years ago, found the same property in the Derbyshire fluor- 
spars, I was led to study it with particular attention ; and, in 1838, I communicated 
the results of my observations to the British Association at Newcastle.§ In every 
specimen in which the colour in question exists, I found it to arise from internal, 
and not from svperjicial reflexion. In an extensive series of experiments on the 
absorption of light by the aqueous and alcoholic solutions of the colouring matter 
of plants, I found this property of internal dispersion in thirty or forty of these 
solutions. The most remarkable of these was the alcoholic selution of the colour- 
ing matter of the leaves of the common laurel. At first its colour is a bright 
green, afterwards changing into a fine olive colour; but in all its stages it dis- 
perses light of a brilliant blood red colour, which forms a striking contrast with 
the transmitted tint. After a long exposure to light, the transmitted tint almost 
wholly disappears, while the dispersed light retains its red colour.|| Another 


* Traité de Mineralogie, tom. i., p. 512, 521. 

t Philosophical Transactions, 1818, p. 424. 

t Treatise on Light, art. 1076. 

§ See Report of the Eighth Meeting, and Trans. of Sections, p. 10-12. 

|| I shewed this experiment in 1836, at Lacock Abbey, to Mr Fox Tasot, and several mem- 
bers of the British Association, At the meeting of the British Association at Manchester, in 1842, 
a friend handed to me, in the sectional meeting, a “ solution of stramonium in ether,’ which | 
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very remarkable example of internal dispersion, pointed out to me by Mr Scuunck, 
is exhibited in an alkaline, or in an alcoholic solution of a resinous powder pro- 
duced from orcine by contact with the oxygen of the air. Its colour by transmit- 
ted light is reddish brown, and the light which it disperses is of an exceedingly 
rich green colour. | 

Since these experiments were made, my attention has been called to two 
interesting papers by Sir Joun Herscue., in the last part of the Philosophical 
Transactions; the one on a case of superficial colour presented by a homogeneous 
liquid internally colourless, and the other on the epipolic (or superficial) dispersion of 
light ; and as these papers contain results incompatible with those which I had 
previously published, I found it necessary to resume the investigation of the 
subject. | 

The two papers now referred to are chiefly occupied with a description of the 
phenomena of coloured dispersion, as exhibited in a diluted solution of sulphate of 
quinine in weak sulphuric acid. Owing to the solution being nearly colourless by 
transmitted light, the general phenomenon is very beautiful. The line of bright 
blue light dispersed by the stratum of fluid immediately beneath the surface of 
incidence, and about the 50th of an inch thick, appears to be confined to that stra- 
tum, and it is in this respect only that the phenomenon differs from that which is 
exhibited by fluor-spar and the vegetable solutions which I have mentioned. 


1. On the Internal Dispersion of Fluor-Spar. 


There are many varieties of fluor-spar in which no dispersion of the intro- 
mitted light takes place. It does not exist in the yellow, red, and bright blue va- 
rieties which I have examined. It occurs chiefly in the green fluor from Alston 
Moor, and in several pink, and bluish-yellow varieties from Derbyshire. In order 
to observe the phenomena of dispersion most distinctly, I transmit a condensed 
beam of the sun’s light through the specimen, when partially covered with black 
wax or black velvet. In some specimens, the intromitted beam is partially dis- 
persed in a fine blue tint from every part of the solid which it traverses; but in 
other specimens, which are composed of strata of different colours, parallel to the 
faces of the cube, a very different and a very instructive phenomenon is displayed. 
The intromitted beam A BC, Fig. 1, Plate V., is crossed with bands of dispersed 
light of different colours, and of different intensities. In one case, a pink light was 
dispersed from the stratum close to the surface of incidence; from the next stra- 


dispersed a bright green light. I described the phenomenon to the meeting, and it is noticed in the 
Transactions of the Sections, p. 14. Upon making the solution myself, I cannot obtain the same 
tints, either from the stalk or the dried leaves of the plant. The solution of the leaves disperses a 
brilliant red tint, like that mentioned in the text. The solution put into my hands must, therefore, 
have been one of the seeds of stramonium, or of some other substance possessing internal dispersion 
in a high degree. 3 
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tim there was no dispersion at all; this was followed by a narrow stratum, which 
dispersed a bright whitish light ; then succeeded a stratum of non-dispersing fluor, 
aad alternately dispersing and non-dispersing strata, scattering the fine blue light 
which has already been mentioned. 

These results, which I have shewn to different persons, are incompatible 
with those obtained by Sir Joun Herscue. with the very same variety of fluor- 
spar. He regards the blue dispersed light as strictly an epipolic or superficial 
tint,—so superficial, indeed, “ that it might be referred to a peculiar texture 
of the 8urfate, the result of crystallization, were it not that it appears equally 
on a surface artificially cut and polished.”* Were I to hazard a conjecture 
respecting the cause of this difference in our results, | would ascribe it to the 
different degrees of light in which the observations were made. While I used a 
condensed beam of the sun’s light, Sir Joun HeRscHEL seems to have employed 
chiefly the ordinary light of day. In studying the phenomena in the solution of 
quinine, he “ exposed it to strong day-light or sunshine;”’ and in another expe- 
riment, which pre-eminently required a powerful illumination, he “ directed a 
sunbeam downwards on the surface, by total reflection from the base of a prism,” 
which was in reality inferior to the ordinary sun’s light. In the case of fluor- 
spar, however, he states that the epipolic colour is seen in perfection when “ ex- 
posed to daylight at a window.” In such a feeble light I could not have seen the 
pbenomena I have described, and it is owing chiefly to the intensity of the light 
which I employed, that I have been enabled to place it beyond a doubt that the 
blue light dispersed by fluor-spar is reflected from every part of the interior of 
the crystal, and is not produced by any action either strictly or partially super- 
ficial, or solely by any stratum near the surface. 

Sir Jonn HERscHEL mentions, thai the green fluor-spar of Alston Moor is 
the only solid in which he has observed an epipolic tint. It is the only mineral 
in which I have found an internal dispersion, excepting, of course, the minerals 
which exhibit the analogous phenomena of opalescence and chatoyance ; but I have 
found severa! glasses which possess it, one in particular of a yellow colour, which 
disperses a brilliant green light, and another of a bright pink colour, which also dis- 
perses a green light, and a third of an orange colour, which disperses rays of a 
whitish green colour. In these cases, the glass has a decided colour of its own ; 


but I have found many specimens, both of colourless plate and colourless flint 
glass, which disperse a beautiful green light. 


2. On the Internal Dispersion of the Solution of Sulphate of Quinine. 
Sir Joun Herscuet describes the epipolic dispersion of this solution as 
“ occupying a very narrow parallelogram, having a breadth of about a 50th of 


* Philosophical Transactions, 1845, p. 143. 
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an inch, of a vivid and nearly uniform blue colour over its whole breadth ;”* but 
upon “ directing a sunbeam downwards on the surface, by total reflection from 
the base of a prism, a feeble blue gleam was observed to extend downwards below 
this vivid line to nearly half an inch from the surface, thus leaving it doubtful 
whether some small amount of dispersion may not be effected in the interior of 
the medium at appreciable depths.”’ By using condensed solar light, this doubt 
is immediately removed, and the phenomenon ranks itself as one of internal dis- 
persion, differing only in the law of its intensity from those which I have already 
described. In the one the dispersible rays are thrown gradually, in the other 
quickly, from the intromitted beam,—a phenomenon to a great extent identical 
with what takes place in the analogous phenomena of absorption. 

If the dispersing action of the solution were rigorously confined to a stratum 
the fiftieth of an inch thick, it would have followed, of necessity, that “ an epi- 
polized beam of light (meaning thereby, a beam which has been once transmitted 
through a quiniferous solution, and undergone its dispersing action) is incapable of 
further undergoing epipolic dispersion ;” but as the dispersing action is not thus limited, 
that conclusion must be incorrect. Sir Joun HeErscuHe., indeed, has deduced 
this result from direct experiment with a plate of glass immersed vertically in a 
quiniferous solution. In this case he could perceive no trace of colour either at 
the ingress or egress of the epipolized beam which was incident upon the plate. 
Sir Joun does not mention the distance of the plate from the epipolising stratum. 
If the distance was small, we are confident, from direct experiment, that the blue 
tint would have been seen; but if the distance was considerable, then the beam, 
incident upon the glass, must have been previously shorn of all its dispersible rays. 

In examining the blue rays themselves, Sir Joun found that they consisted 
of a “small per-centage of rays, extending over a great range of refrangibility.” 
They formed, however, a continuous spectrum deprived of the less refrangible red, 
nearly of the whole orange, and all the yellow; a rich and broad band of fine 
green light, slightly fringed with red, passed into a copious indigo and violet 
without the intermediate blue. 

The comparatively feeble light of the dispersed blue rays renders it difficult 
to ascertain their susceptibility of being a second time dispersed. Sir Joun HEr- 
SCHEL could not obtain any indication of this susceptibility ; but we have no doubt 


that with condensed light their second dispersion will be discovered: and we are 


led to this opinion by the fact, that Sir Joun believed that the epipolic dispersion 
takes place in all directions, and therefore expected to discover a second dispersion 
under circumstances in which, according to my experiments, it could not be found. 


* The best method of seeing this experiment, is to take the solution into the open air, where the 
whole light of a blue sky can fall upon its surface. I have in this way seen the blue line perfectly 
luminous at that stage of a December twilight when there was not light enough to read by. I con- 
sider, therefore, the light of the sky as peculiarly susceptible of this species of dispersion. 
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Sir Joun has clearly shewn, that the light is dispersed outwards as well as 
laterally ; but as he was conversant only with the phenomena of a narrow blue 
line, and had not seen the blue cone of rays dispersed from the cone of condensed 
light, he could not be aware of the changes which take place in its colour while 
the eye passes from the azimuth of 90° to that of 100°. 

These changes are very decided, and will be understood from fig. 2 (Plate V.), 
in which M N OP is a horizontal section of the vessel containing the solution ; R R’ 
a beam of solar light, incident upon an achromatic lens L L, and condensed into the 
luminous cone ACB. Now, the blue colour produced by the first stratum, next to 
the side A B, is exceedingly strong, and that which occupies the rest of the cone 
ACB comparatively faint. When we view the bright blue stratum in the direction 
N M, or in the azimuth of 90°, the tint is very brilliant, because the eye receives all 
the blue rays dispersed by the whole length A B of the stratum ; whereas, when we 
view it in the direction R’ C, in the azimuth of 0°, we only see the tint correspond- 
ing to the thickness of the stratum. The tint, however, is, in reality, a maximum 
_ jn the azimuth of 0°, and gradually diminishes till it ceases in the azimuth of 180°, 
or in the direction C R’. 

___ If we now immerse in the fluid a plate of colourless glass, whose section is 
DE, so as to receive the beam ABED, we shall find that there is no peculiar 
dispersion, as Sir Joun HERscHEL observed, either at its surface of incidence or 
emergence. Hence he concluded that the epipolised beam A B E D “is incapable 
of undergoing farther epipolic dispersion ;” and that having thus “ lost a property 
which it originally possessed, it could not, therefore, be considered qualitatively as 
the same light.” 

Now, in using a condensed beam of light, as we have done, we find that the 
whole cone A B C, even when two inches long, and with a December sun, disperses 
the blue light, and the stratum behind the glass plate DE nearly as much as 
the stratum before it. In fluor-spar, and in the other fluids I have mentioned, 
this is still more strikingly the case,* and hence neither of the conclusions drawn 
by Sir Joun HerscueEu are admissible. 

The following appear to me to be the deductions which the experiments 

actually authorize :-— 
| 1, A beam of light which has suffered dispersion by the action of a solid or 
fluid body, (that is an epipolised beam) is capable of further undergoing epipolic 


* In one of these experiments a piece of green fluor, from Alston Moor, when immersed in the 
quiniferous solution, dispersed a fine violet blue light, at the distance of three-fourths of an inch from 
its surface. In another experiment, a beam of light that had been dispersed in the solution of qui- 
nine, again suffered dispersion at two inches distance from the surface of a piece of Derbyshire fluor. 

A beam of light that has passed through the Esculine solution disperses blue light, but not co- 
piously, when transmitted through the quinine solution; but the beam that has passed through qui- 
nine is copiously dispersed when transmitted through Esculine. 
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dispersion, provided the. Se eee as to have dis- 
persed all the dispersible rays. 

2. When such a medium is thus rendered incapable of neabis more light, 
it is not because it has lost a property which it originally possessed, but because 
it is deprived of all the dispersible rays which it contained. 

It is no doubt an interesting fact, that a small number of differently coloured 
rays, constituting blue light by their mixture, should possess this property of 
being dispersed, while other rays of the same refrangibility are either less disper- 
sible, or apparently indispersible, by the same medium ; but the fact will appear 
less surprising and anomalous when we advert to certain phenomena of absorp- 
tion in which the same property is displayed. 

The difference between the absorption and the internal dispersion of light is 
simply this. In the one case the portion of light withdrawn from the intromitted 
beam is extinguished and invisible, and in the other dispersed and visible ; and we © 
may compare the two classes of phenomena by supposing that the light extin- 
guished by absorption is rendered visible as if by dispersion. Now it is a remark- 
able fact, that almost the whole of the blue light absorbed by the mineral called 
_ native orpiment is extinguished during the passage of the light through the first 
stratum, whose thickness is less than the fiftieth of an inch; and hence it is that — 
the thinnest slice of this substance has nearly as deep a yellow colour as the 
thickest. Were the absorbed blue rays to become visible by dispersion, we should 
actually see a more striking example of epipolism, or dispersion confined to the 
first stratum, than in the quiniferous solution. Even the condensation of the 
beam would not in this case give us a blue cone of light. _ 

The analysis of the blue line indeed would indicate a difference between the 
two phenomena. It would shew that the blue light was derived chiefly from the 
violet, indigo, and blue spaces, and but partially from the green, yellow, orange, and 
red, having .appropriated the whole of the more refrangible rays, and but a very 
small portion of the less refrangible ones; whereas the blue light from the quini- 
ferous solution is derived almost in equal proportions from all the coloured spaces 
excepting the least refrangible, red. The limitation of the rays capable of ab- 
sorption, like the limitation of the dispersible rays in the quiniferous solution, is 
shewn in the action of various bodies on the spectrum. Such bodies change the 
colour of certain spaces in the spectrum, without continuing to absorb the resi- 
‘dual rays; that is, when the absorbable rays are removed by a certain thickness 
of the body, an additional thickness operates very feebly, as in the quiniferous so- 
lution, in altering the colour of the residual beam. 

I have pointed out these analogies between the phenomena of absorption 
and dispersion to meet the case of the bright blue line in the quiniferous solu- 
tions. The dispersion of fluor-spar, and of the glasses and vegetable solutions 
already described, is of a different character. In fluor-spar the dispersion effected 
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by the first stratum is by no means very abundant, and the intromitted beam, 
even after passing through one or more undispersing strata, is dispersed nearly 
as copiously as before. In the glasses and in the vegetable solutions there are no 
peculiarities which require explanation, excepting those which arise from the 
absorption of the dispersed beam in passing through the coloured medium. 

When the phenomena of internal dispersion are exhibited in coloured fluids 
and solids, the influence of absorption upon the dispersed light is very interesting. 
Previous to its dispersion the light has the same colour as the transmitted light, 
were it to emerge at that point of its path, and when viewed at an azimuth 
above 90°, a portion of the dispersed light has that colour. The quantity of light 
possessing this colour increases between the azimuth of 90° and 180°. In order 
to see this effect disembarrassed from another influence, we must make the in- 
tromitted beam parallel to the surface of the fluid or solid, so as just to graze it. 
In this way the dispersed light is not changed in its passage to the eye after dis- 
persion. When the beam passes through the coloured medium without this 
precaution, it again suffers absorption proportional to the thickness of the coloured 
substance through which it has passed, and sometimes disappears altogether. This 
effect is finely seen in the darker solutions, which disperse a brilliant red, or a 
brilliant green light ; the colour of the former becoming yellowish green and whitish, 
while that of the latter becomes whitish yellow. 


3. On the Polarisation of Dispersed Light. 

As the dispersed light is turned from its path by reflection, and is reflected 
at angles proper for polarising it, its partial polarisation at least might have been 
anticipated. Sir Jonn HerscHe. viewed it through a tourmaline, and states that 
no signs of polarisation were perceived in it ; but his method of obtaining the 
blue line from light diverging from a large area of the sky, and therefore reflected 
at various angles far above and far below the polarising angle, rendered it im- 
practicable to detect its state of polarisation. The method which I adopted, of 
using a narrow cylindrical beam of strong light, affording a bright dispersed beam 
more than an inch in length, enabled me to discover its polarisation, and to in- 
vestigate its peculiarities. 

Upon examining the blue beam in the quiniferous solution with an analysing 
rhomb of calcareous spar, I found that a considerable part of it, consisting chiefly 
of the less refrangible portion of its rays, was polarised in the plane of reflection, 
while the more refrangible of its.rays, constituting an intensely blue beam, had a 
different state of polarisation. | 

This insulation of the bluer rays greatly increased the beauty of the pheno- 
menon, and promised to throw some light upon its cause. I was therefore anxious 
to ascertain their state of polarisation, which was not indicated by the analysing 
rhomb. With this viewI transmitted through the solution a strong beam of polarised 
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light, and was surprised to find that the blue beam which it yielded by disper- 
sion, retained the same intensity in every position of the analysing prism, and 
therefore possesses a guaquaversus polarisation, such as that which light receives 
when transmitted through a congeries of minute doubly refracting crystals having 
their axes in all possible directions. ) 

In making the same experiment with other dispersing fluids and solids, I 
found some in which the whole beam was completely polarised in the plane of 
reflection, and others in which it exhibited solely a guaquaversus polarisation ; byt 
as these experiments indicate new processes in the decomposition and polarisa- 
tion of light, which require a more extended analysis, I shall resume the subject 
in a separate communication, contenting myself at present with a general account 
of the more important facts, and the results to which they lead. 

Having transmitted a condensed beam of light through an alcoholic solution 
of the leaves of the Common Laurel, or of Tea, either green or black, I found that the 
bright red beam which it dispersed, possessed, like the b/we one in the quiniferous so- 
lution, a guaquaversus polarisation, a small portion of the light being polarised in the 
plane of reflection. The green beam dispersed by the preparation of orcine, has the 
same properties, the white portion of it disappearing and reappearing during the re- 
volution of the analysing rhomb. In the aqueous solution of esculine,* the dispersed 
pencil consists of two finely-contrasted pencils, the one whitish and polarised in 
the plane of reflection, and the other a very deep blue, having quaquaversus pola- 
risation. The white pencil is more intense than the blwe one, which is the very 
reverse of what takes place in the solution of quinine. The alcoholic solution of 
-the seeds of the Colchicum autumnale gives a bright and copious green beam of dis- 
persed light, which consists of two pencils, one whitish and polarised in the plane 
of reflection, and the other bright green, with a quaquaversus polarisation. The 
same property is possessed by a solution of guiacum in alcohol, which disperses, 
by the stratum chiefly near its surface, a beautiful vole light; and also by an 
alcoholic solution of sulphate of strychnine, which disperses a green light, after it 
has stood for some days. The same property is possessed by almost all the cils, 
in some of which the dispersed light is exceedingly beautiful, varying from a pale 
green to a blue tint. 

The polarisation of the dispersed beam in one plane, namely, in the plane of 
reflection, is exhibited in several fluids and solids. It is very marked in the bile 
of the ox, which disperses an olive-green light; in a solution of gum-myrrh in 
alcohol, diluted with water, which disperses a bright white beam; and in an 
orange-coloured glass, which disperses a pale greenish beam. 

In many fluid solutions, the beam with a quaguaversus polarisation is very 
intense, when compared with the faint pencil which is polarised in the plane of 

* In the alcoholic solution of Esculine, the faint-blue approaches to violet. The polarisation is 
like that in quinine. TM 
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reflection ; but in a specimen of yellow Bohemian glass, which gives a copious! and 
brilliant green beam by dispersion, the whole of the beam possesses a guaquaver- 
sus polarisation. : 

When we view the dispersed beam in different azimuths, some very interest- 
ing phenomena present themselves to our notice. In general, the colour of the 
dispersed light suffers a considerable change, passing, between the azimuths of 
90° and 180°, from the colour of the dispersed beam to the colour of the trans- 
mitted beam. This effect is finely seen in the alcoholic solution of tea, where the 
brilliant red light passes into an olive tint; but it is still more remarkable in a 
mixture of Prussian blue and water. The dispersed beam is polarised in the 
plane of reflection. It is bluish in the azimuth of 90°: pinkish about the azimuth 
of 100°; greenish in that of 120°; dluish in azimuth 150°; and again pinkish in 
azimuth 170°. These three last tints may be all seen at the same time. 

Such are the general phenomena of internal dispersion, a subject which pro- 
mises to throw some light on the constitution of those solid and fluid bodies by 
which it is produced. The apparently superficial dispersion in the quinine solu- 
tion to which Sir Joun Herscue has given the name of epipolism, is obviously a 
single case of the general phenomenon in which the ordinates of the curve of dis- 
persion diminish rapidly after the light has entered the stratum nearest the sur- 
face; while the real epipolism which he ascribes to fluor-spar, so far from being 
an action of the surface, is much less so than that of the quiniferous solution, and 
entirely similar in its character to that which is produced by the fluids and solids 
which I have examined. 

The phenomenon of internal dispersion, when considered merely as a case of 
reflection and polarisation, possesses much novelty and interest. If the exciting 
beam, as we may call it, is cylindrical, we have before us an experiment, in which 
the phenomena of cylindrical reflection, and cylindrical polarisation, are at once 
exhibited to us. The innumerable reflecting surfaces, receiving the intromitted 
beam at all possible angles, reflect the incident light in all possible directions, so 
that the eye, wherever it is placed, sees the beam as if it were self-luminous ; and 
while the eye is made to revolve in a circle round the cylindrical beam, it receives 
a pencil of polarised light—polarised in a plane passing through the eye and the 
axis of the cylinder; or, what is the same thing, a thousand spectators viewing 
this beam in the same azimuth, but in directions differently inclined to the hori- 
zon, would all see exactly the same phenomena of reflection and polarisation ! 


4. On the Causes of the Internal Decomposition and Dispersion of Light. 

In imperfectly crystallized minerals, such as particular specimens of adularia, 
chrysoberyl, opal, and sapphire, the white and coloured opalescence, and the 
asterial radiations, have been shewn to arise from minute vacuities, or from open 
spaces with crystallized sides, or from narrow pipes, or linear spaces parallel to 
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the edges of the primitive or secondary forms of the mineral. In tabasheer, 
where the vacuities contain air, which we can expel and send back at pleasure, 
_ a fine blue light is dispersed, depending, no doubt, on the size of the vacuities. 
In a very remarkable specimen of calcareous spar, crowded with hemitrope veins, 
I have observed a copious internal dispersion produced by the reflection of light 
at the different surfaces, which, though in optical contact, have different degrees 
of extraordinary refraction. 

_ All these phenomena, however, are essentially different from those which 
form the subject of this paper, with the exception of the phenomena of fluor-spar, 
in so far, at least, as they are the result of imperfect crystallization. The epipo- 
lism which Sir Joun Herscuer ascribes to this mineral, or its internal dispersion, 
according to my experiments, does not belong to the species, but only to particu- 
lar varieties, and not even to the variety, but merely to particular parts of it. 
It is therefore the result of inequal or imperfect crystallization. The nucleus is 
perfect, a coating supervenes, having a different tint by transmitted light, and 
dispersing a fine blue light, and so on through a succession of strata, dispersing dif- 
ferently coloured lights, and separated by non-dispersing spaces. An extraneous 
element, therefore, depending on the state of the solution, has been successively 
introduced into the crystal, and if it had the same refractive and dispersive 
power as the fluor-spar, it could not reflect any portion of the intromitted beam : 
But if there is any difference in the mean refraction, or in the dispersive power, 
or if the difference consists merely in the unequal length of certain portions of the 
two spectra, then, in all these cases, light will be dispersed by the extraneous 
element. If, for example, we place a film of oil of cassia between two prisms of 
flint glass, the light reflected from the film will be d/we. The index of refraction 
for certain of the red rays is the same in the glass and in the oil, and consequently 
none of these rays enter into the reflected pencil, which must therefore be blue, 
whatever be the inclination of the incident rays. If we now suppose this film of 
oil to be solidified, and disseminated in infinitely smali atoms throught flint glass, 
or a fluid that has the same action as the glass upon light, we should have the 
phenomenon of a bjue dispersion.* 

A beam of blue light thus produced should be polarised at the polarising 
angle, and partially polarised at other angles; and if this is pot its character, we 
must look for some cause by which it has been counteracted. We have already 
seen that, in the Bohemian yellow glass, none of the light is polarised by reflec- 
tion, and that in the quiniferous solution only a part of it is so polarised, the 
whole pencil in the one case, and the residual pencil in the other, having a qua- 
quaversus polarisation. This effect cannot be the result of an opposite polarisation 


* In the experiment with Prussion blue, which is a very splendid one, the particles are mechani- 
cally suspended in the water; so that we have here an ocular demonstration that the particles are 
the cause of the dispersion and the guaquaversus polarisation. 
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by the refraction of the dispersed light at the surfaces of the reflecting particles, 
because such an action would only reduce the amount of polarisation by reflec- 
tion; and I have found by direct experiment, namely, by making the blue light 
pass through different thicknesses of the fluid, that such an effect is not produced. 
Unless, therefore, we suppose that this guaquaversus polarisation is a new property 
of light, produced by a peculiar action of certain solid and fluid bodies, we are 
driven to the conclusion, no less remarkable, that it is produced by an infinite 
number of doubly refracting crystals, having their axes of double refraction lying 
in every possible direction, and therefore reflecting from their posterior surfaces 
a pencil of light with quaquaversus polarisation. 


St Leonarp’s St ANDREWS, 
January 3. 1846. 
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XIV.—On the Constitution and Properties of Picoline, a new Organic Base from 
Coal-Tar. By Tuomas ANDERSON, M.D. 


(Read, 20th April 1846.) 


Tue careful study of the products of destructive distillation has enriched 
organic chemistry with an extensive series of results of unexpected interest and 
importance. These results have affected, in no inconsiderable degree, the recent 
progress of the science ; and their influence has been of a twofold character, both 
general and particular, exerted in the former case in the development of some of 
the more remarkable general doctrines of organic chemistry ; in the latter, in the 
important light thrown by their investigation on the constitution of the substances 
from which they are derived, and the facilities they have afforded of following out 
connections, which the examination of the original substance either does not at 
all present to our view, or, at least, indicates only in an imperfect or dubious 
manner. Added to this, we have the remarkable fact of the appearance among 
these products of substances in some cases identical with those occurring in 
organised beings ; and in others, presenting analogies of the very closest charac- 
ter with the actual products of vital affinitv. which, taken together, afford abun- 
dant reason for pursuing the investigation of substances which have already 
afforded results of so remarkable a character 
Setting aside altogether those substances, the occurrence of which is so fre- 
quent, that they may be called the general p~oducts of destructive distillation, such 
as carbonic acid, light carburette:! hydrogen, olefiant gas, acetic acid, &c., it may 
be laid down as a general rule, that each individual compound produced during 
such a process, is formed by the destruction of a limited number of substances 
only, which bear to each other, and to the product, a more or less intimate con- 
nection in constitution or chemical relations. In those instances in which we 
have been enabled to submit to destructive distillation substances of *, definite and 
simple constitution, in a state of chemical purity, and where an uniform tempera- 
ture has been preserved, the results have been, for the most part, of an exceedingly 
simple and intelligible character; but in proportion as the atom becomes more 
complex, so also do the products of its decomposition, and the explanation of the 
results is found to be proportionately difficult and uncertain. These difficulties 
and uncertainties are increased in a still higher degree, in the case of a substance 
such as coal, where we have to deal not merely with one complex atom but with 
_ a congeries of several such, and where the process is performed on the large scale, 
and under a variety of perturbing influences. The distillation of coal is, in fact, 
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attended by the formation of about twenty different substances, the constitution 
and properties of which have been examined with different degrees of accuracy, 
and which present among them instances of almost every species of chemical com- 
pound. The discovery of six of these substances is due to RunGg,* who pub- 
lished, about fourteen years ago, a very interesting memoir, containing an account 
of their general properties. Of these substances, three are possessed of acid pro- 
perties, and three are bases, to the latter of which he gave the names of Kyanol, 
Leukol, and Pyrrol, from the peculiar colours developed by the action of certain 
reagents on their salts. The two former of these substances were afterwards sub- 
mitted to a detailed examination and analysis by Horrman,t who arrived at the 
interesting result, that both are identical with substances which had been inde- 
pendently obtained by the decomposition of certain well known bodies; Kyanol 
possessing the constitution and properties of the Aniline of Frirscue, and the 
Benzidam of Zinn; while Leukol is identical with the substance described by 
GERHARDT under the name of Chinoline, and which was obtained by him as a pro- 
duct of the distillation of quinine, cinchonine, and strychnia, with caustic potass. 
HorrMAN failed, however, entirely in obtaining any evidence of the presence of 
pyrrol in the substance which he examined, and leaves in doubt the existence of 
such a compound. 

Having lately had occasion to examine a quantity of the mixed bases con- 
tained in coal-tar, obtained by a method similar to that of RuncGE, but which, 
owing to a modification of the process, contained all the more volatile bases formed 
during the distillation of coal, I was led to try whether or not pyrrol was to be 
found in it, and I obtained immediate evidence of its existence, by the character- 
istic red colour which it gives to fir-wood moistened with hydrochloric acid. The 
attempt to separate this pyrrol proved that it was present in extremely minute 
quantity only, but led to the discovery of a new base different from those of 
Runakg, for which I propose the name of Picoline, and the examination of whose 
properties forms the — of the present paper. 


Preparation of Picoline. 


For the crude substance employed in the preparation of picoline, I am in- 
debted to the kindness of Mr Ast.ey, of the Bonnington Chemical Works, and it 
was obtained by the following modification of RuNGE’s process. In the prepara- 
tion of naphtha from coal-tar, the first product of distillation is agitated with 
sulphuric acid for the purpose of separating any naphthaline which may be pre- 
sent, as well as a variety of substances in extremely minute quantity, which 
communicate to the crude naphtha the property of becoming dark-coloured 


* Poggendorf’s Annalen, Band 31, u. 32. 
+ Annalen der Chemie und Pharmacie, vol. xlvii.. 
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by exposure to the air; among these substances, of course, are all the basic 
compounds contained in the oil. The sulphuric acid which had been used for 
this purpose was neutralised by impure ammonia obtained by a single distillation 
of the watery fluid of the gas-works. On the addition of the ammonia there was 
no separation of any oil in quantity appreciable to the eye; but upon distillation, 
the bases, which had been dissolved in the fluid, passed over with the first por- 
tions of water, and collected in a separate layer in the receiver. This oil, when it 
came into my hands, possessed a very dark brown colour, a somewhat viscid con- 
sistence, and a peculiar pungent and disagreeable odour. It was heavier than 
water, a layer of which; containing a small proportion of oil in solution, floated 
on the surface. The examination of this oil proved it to consist, in addition to 
picoline, of a mixture of pyrrol, aniline, an oily base possessing the general pro- 
perties of leukol, and a thick heavy oil destitute of basic properties. 

In order to separate picoline, the oil, along with the water which floated on 
its surface, was introduced into a retort and carefully distilled. At first, water, 
accompanied by a little oil, pressed over, and then an oil by itself, which dissolved 
completely in the watery fluid contained in the receiver. As the distillation pro- 
ceeded, another oil made its appearance, which collected in a layer on the surface 
of the fluid which had previously distilled. When about three-fourths of the oil 
had passed over, the process was stopped, by which means the oil, destitute of 
basic properties, which requires a very high temperature for its distillation, was 
left behind in the retort. The fluid in the receiver was now supersaturated with 
sulphuric acid diluted with water, care being taken to obtain a powerfully acid 
reaction. The peculiar odour which the fluid possessed, was by this process en- 
tirely changed, but not destroyed; and, on distillation, the water which passed 
over, carried with it all the pyrrol contained in the solution, while the other bases 
were retained by the sulphuric acid. Caustic potass was then added to the resi- 
due in the retort until an alkaline reaction was manifest, and it was again distil- 
led ; the water which passed over carried with it the oily bases, partly dissolved, 
partly floating on the surface of the solution, exactly as in the first distillation. 
A few sticks of fused potass were introduced into the product, and the whole was" 
left in repose ; as the potass dissolved, the oil, which is entirely insoluble in solu- 
tions of the fixed alkalis, rose to the surface and there collected in the form of a 
pale yellow layer, still containing a considerable quantity of water, which may 
amount to 30 or 40 per cent. of the bulk of the oil. The oil was separated from 
the watery fluid by means of a pipette and pieces of fused potass added so long 
as they continued to become moist. The dry oil was then introduced into a retort 
and distilled. A transparent and colourless oil passed over, which was tested 
at intervals by allowing a drop of it to fall into a solution of chloride of lime. So 
soon as the reaction of aniline made its appearance the receiver was changed. 
The first portion was now picoline in a state approaching to purity; that which 
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immediately followed, consisted of a mixture of picoline and aniline. The first 
portion was again digested with fused potass and rectified; that which distilled 
at 272° was collected apart, and constituted pure picoline. 


Constitution of Picoline. 

The general analogy in properties which picoline bears to aniline and the 
other oleaginous bases, permitted the assumption that it, like these substances, 
was free from oxygen ; I proceeded, therefore, in its analysis, upon this hypothesis, 
and neglected the determination of the nitrogen. The ewe are the results 
of the analyses :— 


5-630 grains of picoline gave 
Analysis 1. { 15°954 ... carbonic acid, 


15100 carbonic acid, 


: 5°347 grains of picoline gave 
I 
3°670 water. 


Which give the following results per cent. :-— 


1, Il. 
Carbon . 7716 77°18 
7°62 
Nitrogen. 15°20 
100-00 .  100:00 


These results correspond closely with the formula C,,H,N; the calculated 
result of which is— 


Cy . 900°0 77°29 7717 

N . 15°28 15°14 
1164°5 - 100-00 . 100-00 


| This formula is precisely the same as that of aniline, along with which pico- _ 

line occurs in coal-tar. In order to ascertain whether the atomic weight of these 
substances were also identical, I prepared the platinum salt of picoline, and de- 
termined the amount of platinum contained in it. The salt was obtained by add- 
ing bichloride of platinum to a solution of picoline in excess of hydrochloric acid : 
no immediate precipitation took place unless the solutions were very concentrated, 
but in the course of twenty-four hours the salt was deposited in fine orange-yel- 
low needles. When dried at 212°, it gave the following results :— 

L { 9-670 grains of chloride of platinum and picoline gave 
3147 ... platinum = 32544 per cent. 


10°814 _ of chloride of platinum and picoline gave 
u1. { 3517. ... platinum = 32°52 per cent. 


Theory. Mean. 
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From these analyses are deduced the following atomic weights :— 
I, Il. 
1211-1 1213-7 


These agree sufficiently well with the theoretical atomic weight, which is 
11645. They correspond also precisely with the results of the analysis of the 
aniline salts. The identity of these results is shewn by the following table of - 
the analyses by Fritscue, Zintn, and HorrMan, of aniline from its different 
sources, and of picoline, as well as of the plantinum salts of these substances :— 


Aniline.* Benzidam.* Cyanol. Picoline. Theory. 
C = 77°73 77°32 76°67 77:17 77°29 
H= 70 7°50 7:72 769 7°43 
N = 1498 14°84 15°62 15°14 15°28 
100°31 99°66 100°00 100-00 100-00 
The following are the results for the platinum salts :— 

3 Benzidam. Kyanol. Picoline. Theory. 
Mean platinum, per cent. 32-501 32-886 32°533 32°94 

Atomic weight . 1216-1 1170°5 1212-4 1164-5 


The results of all these analyses agree perfectly with one another; but the 
properties possessed by picoline differ from those of aniline, which, whether ob- 
tained from coal-tar, indigo, or nitrobenzid, presents a perfect identity in its 
chemical characters. 


Properties of Picoline. 

- Picoline is a perfectly colourless, transparent, limpid fluid, extremely mobile, 
and destitute of viscidity. It possesses a powerful, penetrating, and somewhat aro- 
matic smell, which, when very dilute, is replaced by a peculiar rancid odour, ad- 
hering pertinaciously to the hands and clothes. Its taste is acrid and burning when 
concentrated ; but when very dilute, as, for instance, when its vapour is sucked 
into the mouth, it is powerfully bitter, as are also the solutions of its salts. It is 
not changed by exposure to a cold of 0°. Picoline is extremely volatile, and eva- 
porates rapidly in the air. It boils at the temperature of 272°, and the thermo- 
meter remains perfectly stationary during the whole period of the ebullition; it 
is, therefore, much more volatile than aniline, which, according to HorrmMan, 
boils at 359°. It may be preserved for a long time in a bottle containing only a 
small quantity of it, and which is frequently opened, without becoming manifestly 
coloured; whereas aniline becomes rapidly brown, and, indeed, cannot easily be 
obtained colourless, except by distillation in a current of hydrogen. The specific 


* Not having the original papers of Fritscng and Zrniw at hand, I extract these two results from 
Berzevivs’ Arsberittelse, 1844, p. 454, where they are calculated according to C= 75:12, the rest are 
with C=75, but the difference is so small as not to affect the comparison. 
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gravity of picoline is less than that of water. I found it to be 0°955 at 50°, while, 
according to HorrMan, that of aniline is 1-020 at 68°. | 

Picoline mixes with water in all proportions, and forms a transparent and 
colourless solution. It is insoluble, however, in solution of potass, as well as in 
most alkaline salts, the addition of which causes its immediate separation from 
the water. It dissolves also readily in alcohol, ether, pyroxylic spirit, and the 
fixed and volatile oils. It is a powerful alkaline base: a rod dipped in hydro- 
chloric acid, and held over it, is immediately surrounded by a copious white 
cloud of hydrochlorate of picoline. It restores the blue colour of reddened litmus, 
but does not affect the colouring matter of red cabbage. It does not coagulate 
the white of eggs as aniline does. 

The reactions which it produces with other substances are also quite distinct 
from those presented by aniline. When brought in contact with the solution of 
chloride of lime, it does not produce, in the least degree, the violet colour which 
is so characteristic of aniline; on the contrary, the solution remains perfectly 
colourless, unless, indeed, the picoline has not been well separated from pyrrol ; 
in which case a slight brown makes its appearance, but no violet. Picoline is also 
incapable of producing the yellow colour in fir wood and the pith of the elder, 
which is so readily obtained with aniline. When treated with chromic acid, even 
when very concentrated, and after boiling, no change takes place in the colour of 
the solution, and only a small quantity of a yellow powder is deposited; while 
Aniline gives an abundant precipitate, which has, according to the degree of con- 
centration of the fluid, a green, blue, or black colour. 

Picoline precipitates from solutions of chloride of copper a portion of the oxide 
of copper, while the remainder forms a pale blue solution, which, when evapo- 
rated to a small bu:k, deposits a congeries of prismatic crystals, which seem to 
be a double salt. No blackening of the solution takes place, as is the case with 
aniline. When an excess of hydrochloric acid is present there is obtained, on 
evaporation, another double salt in large crystals, apparently derived from the 
rhombohedral system. Picoline produces also double compounds with the chlo- 
rides of mercury, platinum, gold, tin, and antimony. With chloride of gold it gives 
an exceedingly characteristic compound, in the form of a fine lemon-yellow pre- 
cipitate, which is soluble in a considerable quantity of boiling water, and is depo- 
sited, on cooling, in delicate yellow needles. Aniline, under similar circumstances, 
gives a reddish-brown precipitate resembling the ferrocyanide of copper. It gives, 
with infusion of nut-galls, a copious curdy precipitate of a pale yellow colour, 
which dissolves in hot water, and is deposited again on cooling. It does not pre- 
cipitate the solutions of nitrate of silver, chlorides of barium and strontium, or 
sulphate of magnesia. 

The properties of picoline, as now detailed, are obviously different from those 
of aniline. They recalled, however, strongly to my mind those of a base called 


f 
/ 
/ 


A NEW ORGANIC BASE FROM COAL-TAR. 129 


Odorin, obtained by UNveRpDorBEN* from Dippel’s animal oil. According to this 
chemist, Dippel’s oil, which is obtained by several successive distillations of the 
oleum cornu cervi, is a mixture of four different bases, to which he gives the 
names of Odorin, Animin, Olanin, and Ammolin. Ofthese, the two first constitute 
nineteen-twentieths of the whole oil, and the odorin, which resembles picoline in 
its solubility in water, is obtained by simply distilling the oil and collecting the 
product as long as it dissolves. These results, however, have been called in 
question by subsequent observers; REICHENBACH, especially, asserts that he was 
unable to separate any basic compounds, and considers the substances obtained 
by UNVERDORBEN to be mixtures of empyreumatic oil with ammonia. As, how- 
ever, the properties which UNVERDORBEN has attributed to odorin, approximate 
in some respects to those of picoline, I thought it desirable to ascertain the ex- 
_istence of this substance, and whether or not it is identical with picoline. In 
order to prepare odorin, I rectified the oleum cornu cervi, and then distilled the 
product; but on allowing the first drops of oil to fall into water, they were not 
dissolved as UNVERDORBEN has asserted, but floated unchanged upon the surface. 
_ Finding this process unsuccessful, I agitated the crude oil with dilute sulphuric 
acid; the acid fluid immediately acquired a very deep reddish-brown colour, and 
when separated from the oil, and supersaturated with potass, a semisolid viscid 
‘mass separated from the fluid. This, when distilled with water, yielded a mix- 
ture of several oily bases, while a dark coloured resinous substance, probably 
UNVERDORBEN’S Fuscin, was left in the retort. The mixed bases which I thus 
obtained, formed an exceedingly small fraction of the oil employed. They were 
purified by several successive rectifications, and generally in a method similar to 
that employed for picoline, and the first portions of the product collected apart. 
It then constituted a colourless oil which became brown in the air, dissolved 
readily in water, and presented an odour similar to, though not quite the same 
as, that of picoline. It gave with chloride of gold a dirty yellow precipitate, 
which dissolved in hot water, and deposited, on cooling, in the pulverulent form, 
and with bichloride of platinum, a compound in red wart-like crystals. By an ac- 
cident in the laboratory, the small quantity of this substance which I had pre- 
pared for analysis was destroyed, so that the evidence of their identity cannot be 
considered as sufficient. The characters of odorin, as given by UNVERDORBEN, 
are not perfectly identical, either with those of picoline, or the base which I ob- 
tained. Odorin, according to UNVERDORBEN, boils at about 212°, and its salts are 
oleaginous compounds which distil in the form of an oily fluid, whereas those of 
picoline are mostiy crystallizable. I am at present engaged with the examina- 
tion of these substances. 

It is obvious, from the observations contained in HorrMan’st paper, that 


* Poggendorf’s Annalen, vol. xi. + Liebig’s Annalen, vol. xlvii. 
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picoline must have been present along with aniline and chinoline in the sub- 
stance which he examined. He mentions, especially, that his aniline, as obtained 
by distillation only, possessed a peculiar pungent and disagreeable odour, which 
was got rid of only by several successive crystallizations of its oxalate from 
alcohol, and that the impure aniline has a specific gravity less than that of 
water. He observes, also, that the quantity of the substance present must have 
been excessively minute, as it did not affect the results of the analysis, a pheno- 
menon, the cause of which is sufficiently explained by the identity in constitution 
of the two substances. Horrman did not obtain picoline in the separate state, 
simply because the bases employed by him were obtained from the less volatile 
portions of coal-tar, which necessarily contain it only in minute proportion. 


Combinations of Picoline. 


Picoline forms a series of compounds which are generally closely analogous 
to those of aniline, but present in a less marked degree the regularity and facility 
of crystallization which are so characteristic of the salts of the latter base. It 
forms, however, with the greater number of acids, salts which can be obtained in 


 acrystalline form. These are all highly soluble in water, and some of them are 


even deliquescent; they are also for the most part readily soluble in alchol even 
in the cold. They are most readily obtained by evaporating their aqueous solu- 
tions at 212°, and not by adding an acid to the etherial solution of the base ; as in 
the latter case the presence of even a minute proportion of water causes them to 
precipitate in the form of a semifluid mass. Picoline forms a number of acid 
salts, in which respect it differs from aniline. Its salts are less readily decom- 
posed in the air than the corresponding aniline compounds, but they do event- 
ually become brown, although without presenting any of the rose red colour 
which the latter salts assume. | 
Sulphate of Picoline—I obtained this salt by supersaturating sulphuric acid 
with picoline. The solution obtained was perfectly colourleas, and when evapo- 
rated in the water-bath, it evolved picoline in abundance, and formed a thick 
oily fluid, which, on cooling, concreted into a tough mass of transparent and 
colourless crystals, apparently of a tabular form. Exposed to the air, it deli- 
quesces rapidly into a transparent and colourless oil, which, after a time, acquires 
a slight brownish colour. It is insoluble in ether, but readily in alcohol, both hot 
and cold. It is not deposited in crystals by allowing the hot alcoholic solution to 
cool. I analysed this salt by evaporating to dryness in the water-bath, in a 
weighed platinum crucible, and allowing it to cool under an exsiccator. It was 
then rapidly weighed, dissolved in water, and ila tea by chloride of barium :— 


4°364 grains of sulphate of picoline gave 
5°230 ... sulphate of baryta = 41°20 per cent. of anhydrous sulphuric acid. 
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This result corresponds with the formula C,,H, N+2H0, SO, as is shewn 
by the following calculation :— 


Theory. Experiment. 
2 Eq. Sulphuric acid 10000 . 4184 . 41:20 
1 Picoline 1164-5 48°74 eee 
2 --- Water 225-0 9.42 
2389-5 100-00 


The sulphate of aniline dried at 212° has a different constitution, it gives 
28°67 per cent. of sulphuric acid, which corresponds to the formula C,, H, N, HO, 
S 

Oxalate of Picoline.—This salt is obtained by mixing oxalic acid and picoline 
in excess, and evaporating the solution over quick-lime. When the solution is 
reduced to a very small bulk, it is deposited in the form of short prisms radiating 
from a centre ; and on further evaporation, the whole concretes into a solid mass. 
The crystals evolve the odour of picoline in the air; they are highly soluble in 
water and alcohol, both absolute and hydrated. When heated to 212° it fuses and 
evolves abundance of picoline vapours, and on cooling it forms a thick fluid 
which slowly deposits crystals in the form of fine needles. These are probably 
an acid salt. I did not obtain the oxalate in a state of sufficient purity for 
analysis. 

Nitrate of Picoline is obtained in a white crystalline mass, when a mixture 
of picoline and dilute nitric acid is evaporated to dryness at a moderate heat. At 
a higher temperature it sublimes in white feathery crystals. 

Hydrochlorate of Picoline may be prepared by mixing picoline and hydro- 
chloric acid, and evaporating on the water-bath. On cooling, the thick fluid 
which remains consolidates into a mass of prismatic crystals. When heated to a 
high temperature, it sublimes easily, and deposits itself on the sides of the vessel 
in transparent crystals, which deliquesce rapidly in the air. 

Chloride of Platinum and Picoline.—This salt is easily obtained by adding 
picoline to a solution of bichloride of platinum, containing an excess of hydro- 
chloric acid; it deposits itself immediately, if the solution be concentrated, but 
when moderately diluted, it makes its appearance only after the lapse of some 
time. The crystals which are deposited are rather liable to retain an excess 
of picoline, which renders it advisable to redissolve them in a dilute solution of 
chloride of platinum with a little hydrochloric acid. From this solution it is de- 
posited pure, on cooling, in the form of fine orange-yellow needles, which can 
easily be obtained half an inch long even when operating on very small quantities. 
It is much more soluble both in water and alcohol than the aniline salt, and 
indeed than the platinum salts of the organic bases generally. It requires only 
about four times its weight of boiling water for solution. 
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The crystals of this salt, after washing with alcohol and ether, and drying 
at 212°, gave the following results of analysis :— 


10-032 grains of chloride of platinum and picoline gave 
8-862 ... carbonic acid, and 
«+» water. 


The determination of the platinum, as formerly mentioned, gave in two dif- 
ferent trials 32°544 and 32°522 per cent., the mean of which is 32°533. The 
analysis corresponds with the formula C,, H; N, HCl, Pt Cl. 


Theory. Experiment. 
= 9000 . 2407 +. 2409 
H, = 100... :. 3°05 
N = 1770 : 4°73 ‘ Jie 
Cl, = 1330.4 35°59 
Pt = 1232°0 32°94 . 82°533 
3739-4 100-00 


Chloride of Picoline and Mercury.—When picoline is added to a concentrated 
solution of bichloride of mercury, a white curdy precipitate immediately falls. 
If, however, the solution be dilute, it is not precipitated for some time, and then 
appears in the form of radiated silky needles. It is sparingly soluble in cold 
water, more readily in hot. It dissolves pretty abundantly in boiling alcohol, 
and the solution, on cooling, deposits it, sometimes in prismatic, sometimes in 
feathery crystals. It dissolves readily in dilute hydrochloric acid, with the for- 
mation of a peculiar compound which I have not particularly examined. Boiled 
with water it is decomposed, yom being evolved, and a white powder being 
deposited. 

In the analysis of this compound I interposed, between the combustion tube 
and the chloride of calcium apparatus, a small tube in which the mercury and 
water were condensed, and at the conclusion of the process, a current of dry air, 
heated to 212°, was drawn through the tube, by means of which the water was 
conveyed into the chloride of calcium apparatus. The salt was dried simply by 
exposure to the air, as it loses picoline when heated ; when analysed it _ smelt 
of picoline, which accounts for the excess of carbon obtained. 

The following are the results of the analysis :— 


10.962 grains chloride of mercury and picoline gave 
8-245 ~carbonic acid, 


... water. 


This corresponds to the formula C,, H, N +Hg CL, which gives the following 
results :— 


Th Experiment. 
= 900°0 19°6 20°51 
H, = 87:5 1-90 2°19 
N = 1770 3°86 ‘ wie 
Cl, = 887-0 ° 19°35 cos 
Hg = 25316 . 55:26 


4583°1 100-00 
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This salt differs in constitution from the aniline salt, which is represented by 
the formula 2 (C,, H, N) +3 Hg Cl,; it tallies, however, perfectly with the compound 
of chinoline and bichloride of mercury, which is C,, H, N + Hg CL. 

1 have not particularly examined the other compounds of picoline. 


Products of the Decomposition of Picoline. 

The small quantity of picoline at my disposal has hitherto sinieeted my ex- 
amining particularly the products of its decomposition, a branch of the subject 
which presents numerous points of interest. Such results, however, as I have 
obtained, ee ee the products afforded. by it and 
aniline. 

When treated with nitric acid of specific gravity 1°5, picoline is immediately 
dissolved, but without communicating to the fluid the fine indigo-blue colour 
which aniline produces under similar circumstances. On the application of heat 
there is produced an extremely slow evolution of nitrous fumes, which contrasts 
strikingly with the tumultuous action which aniline produces. After very long- 
continued treatment with nitric acid, the fluid was evaporated to a very small 
bulk, when it deposited large crystals in the form of rhomboidal tables. These 
crystals, on being treated with potass, evolved picoline unchanged. The potass — 
solution was red, but it contained no carbazotic acid, at least no carbazotate of 
potass was deposited on evaporation. 

An excess of bromine water added to picoline causes an immediate and abund- 
ant precipitate of a reddish colour, which, on standing during the night, deposited 
itself in the form of a transparent reddish oil. This substance is destitute of 
basic properties, and is readily soluble in alcohol and ether, but not in water. 
Aniline, when treated in the same manner, gives, as is well known, the bromani- 
loid of Frrtscue, which is solid, and crystallises in silky needles, fusible at 232°. 
It seems probable that the oily fluid obtained from picoline may possess a con- 
stitution similar to that of bromaniloid, in which case it would have the formula 

C,, (H, Br,) N, and would receive the name of bromopicoloid. I had not enough 
of it for analysis. 

The action of chlorine on picoline is remarkably analogous to that which it pro- 
duces on aniline. When passed into anhydrous picoline it is rapidly absorbed, 
and colourless crystals, apparently of hydrochlorate of picoline, are deposited. 
in a short time, however, the fluid becomes dark brown, and is finally converted 
into a resin. This resin was mixed with water, and a current of chlorine passed 
through it for some hours. The fluid was then introduced into a retort, and dis- 
tilled, a crystalline substance, passed over along with the water, and after all the 
water had passed, another substance made its appearance, while a large quantity 
of carbon was left in the retort. The quantity in which I obtained these sub- 
stances was far too small to admit of their particular examination, but it appeared 
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to me that the odour of the latter substance was different from that of ¢ 
phenesic acid, which is produced by the action of chlorine on aniline. 
The preceding investigation is sufficient to establish the identity, in cc 
tion and difference, in properties of picoline and aniline. These substang 
then isomeric, in the strict sense of the term, possessing the same comp 
per cent., and the same atomic weight. 
Although isomerism has been recognised in a great variety of different 
of compounds, I believe the present to be the first instance in which it ha 
satisfactorily proved among organic bases. Two instances, indeed, havé 
previously described, but in neither can the evidence be considered absg 
conclusive. One of these cases is that of two bases discovered by PELLET 
CoverBe* in the husks of the Cocculus Indicus, to which they have git 
names of Menispermin and Paramenispermin. The characters which the 
assigned to these substances are sufficiently distinct, but their analyses ¢ 
lead to the formula C,, H,, N O,. This result, however, is unsupported by 
termination of their atomic weights, without which the isomerism. car 
admitted as proved. The other instance is that of bebeerine, which, acg 
to the analysis of Dr D. Mac.aGan,t is isomeric with morphia, both being 
sented by the formula C,, H» N O,; and as this result is supported by the al 
of the platinum compound, the probability of their isomerism is much highé 
in the former case. Unfortunately, however, another source of fallacy 
into the question in the amorphous condition of bebeerine, which renders 
possible to determine with certainty its freedom from impurity; even the 
tution of morphia, by far the most definite of the two substances, can scare 
considered as fixed, GeRHARDT, for instance, representing it by the ff 
C,, Hj N O,, and not by that formerly given. | 
With aniline and picoline, however, these uncertainties disappear. 
substances are possessed of definite boiling-points widely different fre 
another, and of all the other physical characters of pure substances. Th 
ness of their atomic weight also precludes any possibility of doubt regardi 
true formula, and enables us to speak with certainty as to the identity ¢ 
constitution. The isomerism of these substances is, moreover, of much 
interest in a theoretical point of view. Menispermin and morphia arc 
substances, entirely unconnected, in constitution or general relations, wif 
other substance. Aniline, on the other hand, is a member of one of the 
extensive, widely distributed, and interesting groups of substances, with 
the recent discoveries of organic chemistry have made us acquainted, the 
Salicyl and Benzoil series. The members of this larger group already pre 
variety of instances both of isomeric and polymeric compounds, a few of 


* Annales de Chimie et de Physique, vol. liv. 
+ Proceedings of the Royal Society of Edinburgh, No. 26. 
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here brought together in the form of a table, which does not pretend to any 
ntific arrangement, its sole object being to point out the remarkable relations 
hiline and picoline to the group. 


Indigogene, . . CH NO, Indine. 

Indigo, . H, N 0, ose 

Isatine, . Cig H, NO, eee 

Anthranilic acid, . . C,H, NO, 

Salicylic acid. ‘ . C, HO, 
Nitrosalicylic acid, . ; H, (NO,) O, 

Benzoic acid, . C,H, O, Salicylous acid. 
Nitrobenzoic acid, . C., H, (N 0,) O, Nitrosalicylous acid. 
Chlorobenzoic acid, . CO, H, ClO, Chlorosalicylous acid. - 
Hydruret of benzoil, Ci, H, 0, Benzoine. 
Benzonitril, . . Azotide of Benzoil. 

Phenol, . C,H, O, 

Aniline, a . C,H,N Picoline. 
Tribromaniline,_. . . C,H, Br, N t 
Nitrobenzid, . Cy H; (NO,) 


The facility with which salle can be obtained by the decomposition of dif- 
nt members of this group, renders it by no means impossible to anticipate the 

icial production of picoline also. 
= As we can start from benzoic acid, and convert it into benzin, benzin into 
lobenzid, and that finally into aniline by the action of sulphuretted hydrogen, 
ms by no means improbable that salicylous acid, the isomeric of benzoic 
, may be made to undergo a similar series of changes, the final result of 
h would be the formation either of picoline, or of some other compound 
heric with it and aniline. In order to subject this hypothesis to the test of 
sriment, I mixed salicylous acid with equal weights of slaked lime and caustic 
yta, and distilled in the oil bath, with the view of obtaining a substance which 
d be isomeric with benzin. The greater part of the salicylous acid, how- 
, passed over unchanged ; but by agitating with solution of potass, there was 
undissolved an excessively minute quantity of a solid crystalline substance. 
ling this mode of operating unsuccessful, I passed salicylous acid over spongy 
inum heated to a very low red heat in a glass-tube. A dark viscid oily fluid 
sed over into the recipient, of which the greater quantity dissolved in caustic 
ass, but left behind a larger quantity of the solid substance than was yielded 
he first experiment. By distillation with water this substance passed into 
receiver in the form of oily drops, which solidified on cooling, and formed a 
ine mass in which minute needles could be detected. It had a peculiar 
sant smell which resembled that of benzin; but the quantity which I ob- 
ed was much too minute to admit of its analysis, or of any attempt to con- 
it into picoline. 


* Geruarpr has observed (Precis de Chimie Organique, tom. ii, , p- 21), that benzoic acid, when 
with hydrate of potass, evolves hydrogen, and gives the potass salt of a new acid. This msy pos- 
be isomeric with salicylic acid. 
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absence of oxygen. 


POSTSCRIPT. 


Although the analogy existing between picoline and the other oleaginous 
bases is perfectly sufficient to warrant the assumption of the absence of oxygen 
in that substance, I have thought it advisable to append here an experimental 
determination of the nitrogen. As the volatile bases cannot be readily analysed 
by VARRENTRAP and WIL1’s method, I made a combustion of the platinum salt, 
and determined the proportion by volume of the carbonic acid and nitrogen in 
four tubes, which gave the following results :— 


I. 94 volumes gave 8: — 


II. 240 se 18: 

Ill. 84 6°5 

IV, 421 35° 
839 67°5 


These results give the gases in the proportion of 114 to 1; in other words, 
they shew a slight excess over the theoretical result, according to which they 
should be in the proportion of 12 to 1. They confirm perfectly, however, the 
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X V.—Results of the Makerstoun Observations, No. II. On the Relation of the Varia- 
tions of the Vertical Component of the Earth's Magnetic Intensity to the Solar and 
Lunar Periods. With a Plate. By J. Attan Brown, Esq., Director of General 


Sir T. M. Brispane’s Magnetical and Meteorological Observatory. Communi- 
cated by General Sir T. M. Brissane, Bart. | 


(Read 20th April 1846.) 


1. The following results are deduced from the observations of the balance or 
vertical force magnetometer, which consists of a magnetic needle, balanced hori- 
zontally, and resting, by a knife-edged axle, on agate planes. Much doubt has been 
entertained as to this instrument’s capability of shewing changes of moderate 
nicety, and it has been considered altogether unavailable for changes of long 
period :* it has been shewn (Vol. XVI, p. 67), that there are several difficulties 
in the way of an accurate interpretation of the observations, independent of the 
instrumental capacity. If it be added, that disturbances seem to affect the daily 
means of the vertical component,} in a more serious way than they do those of the 
horizontal component, it will be seen that there are a series of difficulties, which 
tend to render good and consistent results from the balance magnetometer nearly 
unattainable. It will be judged afterwards how far these difficulties have been 
overcome in the present instance. | 

2. The changes of the vertical component are, in general, very gradual and 
regular; even during considerable disturbances the balance needle moves gradu- 
ally to an extreme position, remaining there, with moderate fluctuations, for a 
considerable period, and afterwards returning slowly to its mean (or nearly mean) 
position ; the bifilar magnet, on the contrary, moves with considerable rapidity 
from one extreme position to another. This difference in the mode of distur- 
bance, I do not conceive due to a want of sensibility in the balance needle, but 
rather to a difference in the nature of the disturbances of the dip, and of the total 
intensity. 

3. The changes of the vertical component, then, during disturbances, will 
evidently have little or no effect on the regularity of the diurnal curves, although 
the periods of maxima and minima may be affected; it will be different for the 
daily means, for, as the disturbances will, in general, be almost wholly negative 

* Revised instructions by a Committee of the Royal Society of London, p. 37. 


+ I shall generally use the terms vertical or horizontal component, instead of vertical or horizontal 
force ; the latter are not at all expressive where the changes may be altogether due to variations of Jip. 
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or positive, there will be sudden and considerable daily decrements or increments 
of the vertical component. If the effect of these disturbances be equally positive 
and negative, it may be expected that, in the mean of a sufficient number of ob- 
servations, they will destroy each other, or, if almost wholly negative, that they 
will be distributed equally over any period for which the law is desired. If, 
however, we expect consistent and regular results, from short series of obser- 
vations, especially when the range of the variations for the resulting law is small, 
it is evidently desirable to eliminate disturbances as far as possible. To.do so com- 
pletely, requires a knowledge of the observations which should be classed as dis- 
turbed, a matter of difficult attainment, as disturbances have various magnitudes, 
and we have to distinguish between variations which are periodic, and those 
which are not so; the latter constituting what are distinctively termed disturbances. 
Without doubt, disturbances seem to obey an irregular periodic law, that is to 
say, they occur more frequently at certain hours than at others; but there are 
whole months in which they are not at all apparent, and in which, each day’s 
observations represent equally, in range and periods of maxima and minima, the 
diurnal law; thus, in the months of June and July 1844, each day’s observations 
of the horizontal component when projected, exhibit, with a few slight excep- 
tions, a complete representation of the monthly curve, affected, however, to some 
extent by the varying hour angle of the moon. 

4. As it is only the larger disturbances which affect the periodic result to a 
marked extent, the complete elimination of disturbances is fortunately not of much 
moment; the methods which I have adopted for the elimination of these will be 
be stated afterwards; it will be found, however, that ' have depended as little as 
possible on these eliminations. 

5. The results as yet obtained for the variations of the vertical component 
of the earth’s magnetic intensity are confined, as far as I am aware, to determi- 
nations of the mean period of diurnal maxima and minima. These may be obtained 
from a good instrument, with moderate exactness, in spite of considerable inac- 
curacy in the temperature correction, as the mean diurnal variation of temperature, 
in well closed rooms and boxes, will not exceed a few degrees of Fahrenheit. The 
Toronto observations for 1841 and 1842, give consistent results, indicating 


A principal maximum at 6° Toronto mean time. 
A principal minimum at 14° 
A secondary maximum at 20° 
A secondary minimum at 22" 


There are only three months of the twenty-four indicating a single maximum and 
asingle minimum, namely, the months of November 1842 and September of each 
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year ; the diurnal range is greatest in summer, and least in winter.* These re- 
sults will be found to differ considerably from the following, excepting in the 
periods for the whole year. 

6. The mean of the vertical component for the year 1844, at Makerstoun, 
was least at 14" (Makerstoun mean time); it increased gradually, from that time, 
till nearly 21" ; it then diminished slightly till nearly 23"; after which it increased 
rather rapidly till 5" 30"; it then diminished with much rapidity till midnight, 
increasing slightly from 12” to 13", and diminishing slightly again to the minimum 
at 14"; or the vertical component has 


The principal minimum......... at 14° 10" Makerstoun mean time. 
A secondary maximum ......... at 20° 50" 
A secondary minimum ......... at 22° 50" 
The principal maximum ...... at 5* 30" 
Perhaps a third minimum......at 12" 10. 
And a third maximum ......... at 13° 10" 


The slight inflexion at 13" (See Mean Curve, No. 1., Plate VI.) would not have 
been noted as a maximum, but simply as a slight irregularity probably due to dis- 
turbances, were it not for the evidence which, with one exception, every month in 
the year gave to the same effect. If, however, it be considered simply as an 
irregularity (it will be the only one in the whole period), 13" 10" must be taken as 
the actual period of the principal minimum, the vertical component having nearly 
equal values at 12" 10" and 14" 10". 

7. The form of the diurnal curve, and the periods and number of maxima and 
minima vary throughout the year. Having found that the diurnal curves, for 
each of the two months symmetrically placed with regard to the solstices, were 
nearly identical in periods and range, only the mean curves for each couple have 
been projected (Curves, No. 1, Plate VIL.), namely, the means for the months of 


oa anuary and December. April and September. 
February and November. May and August, 
March and October. June and July. 


8. The transitions of the periods of maxima and minima throughout these 
months is curious ; the principal maximum occurs about 6° at the solstices, near 
4" at the equinoxes, and about 5" at the intermediate periods. The principal 
minimum occurs about 17" at the winter solstice, about midnight at the equi- 
noxes, and about noon at the summer solstice. In January and December there 


* Toronto Observations for 1840, 1841, and 1842. Abstracts, &c., p.lx. The Toronto observations 
were made every two hours, and the Makerstoun observations every hour. 
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is no minimum visible near noon; in February and November an inflexion occurs 
there ; in March and October there is a marked tendency to a minimum at that 
time; there is a well-marked minimum near noon in April and September; a 
strongly marked one about the same time in May and August; and the pnacipal 
minimum occurs in June and July near mid-day. The same progression holds for 
the maximum, which occurs near 20", excepting that it never becomes the prin- 
cipal maximum, though in June it differs very little from it. The inferior 
maximum and minimum are best marked near the equinoxes. 

The following table will exhibit the transitions of the periods with more dis- 
tinctness ; the negative sign (—) is placed before the hour of the principal mini- 
mum, and the positive sign (+) before the hour of the principal maximum. | 


TaBLE of the Hours, Makerstoun mean solar time (astronomical reckoning), of the 
Maxima and Minima of the vertical component of Magnetic Intensity for 
1844. 


Months. Minimum. | Maximum. Minimum. Maximum. Minimum. , Maximum. 

January and December, | —17 10 ani sid +6 10 12 10/13 10 
February and November,| —?16 40*| +5 O 12 40/14 40 
Marck. and October, —16 10 (0) ? +4 10 14 10,15 10 
April and September, 15. 10 | 21 10 23 40 +5 20}; —12 10/14 20 
May and August, —14 10); 20 10 23 40; +5 50 12 10; 13 10 
June and July, 13 60; —23 40 +6 O ll 30,12 0O 


It will be observed that the hours of the first minimum and maximum in 
this table occupy a year in completing their transitions, that the hour of the second 
minimum in the table is constant, and that the hours of the second maximum, 
and of the last minimum and maximum in the table, complete their transitions 
in six months. — 

9. Neglecting the inferior maximum and minimum, it will be remarked that 
the period of duplication in the forms of the curves differs completely from that 
for the horizontal component. For the latter, it is summer in which the diurnal 
curve becomes single, and winter in which it becomesdouble. It is the secondary 
or morning maximum of the horizontal component which becomes the principal 
maximum in winter ; it is the secondary or noon minimum of the vertical com- 

* The principal minimum in the mean for the months of February and November actually occurs at 


12" 40". This is due to an apparent irregularity in the month of November, that month being the only 
one which does not shew the inferior maximum near midnight. 
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ponent which becomes the principal minimum in summer. For the horizontal 
component the 22" minimum is ¢he minimum throughout the year ; for the vertical 
component the 5" maximum is ¢he maximum throughout the year. 

10. Perhaps the most curious fact in connection with the vertical component 
is that of the annual variation of the diurnal range. It has always been ima- 
gined, I believe, that the diurnal range of all the magnetical elements increased 
from winter to summer. This has been shewn to be the case for the horizontal 
component (No. I., 6*), and will afterwards be shewn to be true for the magnetic 
declination. It is not so, however, for the vertical component, as may be seen by a 
glance at the six diurnal curves projected (Curves, No. 1, Plate VI.). The transition 
in form and range is evidently worst exhibited by the mean for February and 
November ; this, however, and other irregularities, may probably be due to dis- 
turbance. The elimination of these (which I have not at present attempted), or the 
observations of other years, must decide this. When the range for each month is 
projected (Curve No. 2, Plate VI.), it is at once evident that the diurnal range is 
least at the solstices, and greatest at the equinoxes. The mean of the ranges for 
January and December, and also the mean for June and July (the solstitial months), 
is about 0°00028, the whole vertical component being unity, while the mean for 
each of the couples of equinoctial months, namely, of March and April, and of 
September and October, is about 0°00068. | 

11. It might have been expected that this curious variation of the ranges 
would shew itself more or less in the ranges for the horizontal component. If we 
refer to No. I. of these results (6), page 101 of this volume, and to the projected 
curves, No. 2 of that series (Plate III.), we shall find this actually the case, although 
in that place it was supposed that the variations in the regular increase of the 
ranges might be due to disturbances. These facts seem to point to a difference in 
the modes and causes of increase of the diurnal range for the magnetic dip, and 
for the total magnetic intensity ; the diurnal ranges of the latter seeming to obey a 
law which is equally related to the two solstices, and also to the two equinoxes, 
_ acircumstance in favour of the annual period previously announced (No. L., 10). 
| 12. The mean values of the vertical component, at 21" and 0", are nearly 
equal to the mean for the year, but no single hour, as for the horizontal component 
(No. I, 8), indicates the mean for each month. 

13. Proceeding in the order of No. I., I should now consider the annual period. 
The results for the different years are discordant. This, it is my opinion at present, is 
due to an insufficiency in the temperature correction, which will be found alluded to 
elsewhere.t The results of the years 1842 and 1843, the latter more strongly, indi- 
cate a period similar to that found for the horizontal component, namely, maxima of 


* Reference to Results of the Makerstoun Observations, No. I., p. 99 of this volume. 
+ Introduction to the Makerstoun Observations for 1843. 
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the vertical component about the solstices and minima about the equinoxes; 1844 
and 1845 also indicate a maximum at the winter solstice, but the maximum at 
the summer solstice is imperfectly shewn, if shewn at all. 

14. It is quite evident that a moderate error in the temperature correction 
may be sufficient to destroy all appearance of an annual period, especially when 
the range of the temperature may be 30° Fahrenheit, and the range of the com- 
ponent for the annual period may be small. It is, | am inclined to think, due to the 
existence of a lighted stove in the Observatory in the winters of 1842, and in the 
beginning of 1843 (by means of which the annual range of temperature was much 
diminished), that these years give a somewhat distinct indication of the annual 
period. For many reasons, however, it is to the observations made in the years 
1844 and 1845 that I look for a consistent exhibition of the annual period; and 
to the result for these years I shall return when the insufficiency alluded to has 
been remedied. 

15. The vertical component has diminished considerably since 1841, the 
- yearly rate of diminution becoming less in each year. Something of this apparent 
change may be due to a loss of magnetism in the balance needle ; but it is believed 
that this is only partially, if at all, the case. There is a curious change in the 
rate of diminution of the vertical component in the year 1845: in October, No- 
vember, and December, it was constant or very nearly so; it was remarked of the 
horizontal component for 1845, that it had increased much less than in the pre- 
vious year. Does this point to an approaching turning-point for the diminution 
of the magnetic dip ? 

16. Similar summations, to those indicated fur the horizontal component 
(No. L., 25), were made for the vertical component, at the varying hour angles of 
the moon; the larger disturbances were also eliminated similarly, the test num- 
ber for disturbances being taken more than twice as great in 1845 as in 1844. 
From a mean of 12 lunations in 1844 (see Curves No. 3, Plate VI.), the maximum of 
vertical component occurred when the moon had passed the inferior meridian 
about three hours, the value of the component then diminished considerably till 
19» (counting the moon on the meridian 0*, and so up to 24", when it wants one 
hour, or, more exactly, 74 of an hour of being on the meridian again; each of the 
so-called hours having only this value, 19» corresponds to about 5" 45™ before the 
moon’s meridian passage) ; it diminishes slightly from 19* till 22", when there isa 
minimum ; it then increases slightly till 24" or 0° when there is a maximum ; after 
this it diminishes moderately again till 7", when the principal minimum occurs ; 
it then increases rapidly to the maximum at 16". When the disturbances are 
not eliminated the maximum occurs at 15", the component then diminishes rapidly, 
with some irregularities, till 2", which is the time of the principal minimum ; a 
secondary maximum then occurs at 4", and a minimum, differing very little from 
the other in value, occurs at 6" or 7". A more complete elimination of distur- 

bances, it is conceived, would render the maximum about 0” still more evident. 
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17. In 1845 the maximum occurs between 14" and 15", or about 2” after the 
moon has passed the inferior meridian, the value of the vertical component then 
diminishes till 21" when there is a secondary minimum, it then increases consi- 
derably till 2" ; a secondary maximum occurring about 13", it again diminishes till 
7°, when the principal minimum occurs, after which it increases rapidly to the 
principal maximum. This year’s result is little affected by the elimination of dis- 
turbances ; the curve is rendered somewhat more regular. 

18. The results for the two years differ slightly from each other. The 
principal maximum occurs about an hour later in 1844 than in 1845 ; the princi- 
pal minimum occurs at the same time in both years; but the secondary maximum 
and minimum are not nearly so well defined in 1844 as in 1845. The mean of 
the two years gives the following periods :— 


The principal minimum about 5 hours before the moon’s passage of the inferior meridian. 
The principal maximum about 3 hours after 

A secondary minimum about 4 hours before ..............2.:sseee-seeeeeeeee SUPETIOP ......... 

A secondary maximum about 1 hour after 


19. These periods are surprisingly near those indicated (No. L., 23), for the 
horizontal component, the principal maximum and secondary minimum of the 
vertical component occurring about an hour after those of the horizontal com- 
ponent, while the principal minimum and secondary maximum occur an hour or 
more before those of the horizontal component; seeming to indicate that these 
variations belong chiefly to the total intensity. | 

20. As evidence of the accuracy of*the results obtained after eliminating 
disturbances, nothing perhaps could be more conclusive than the fact, that in 
those montus in which no disturbances occur, the general law is found well 
marked: it would not be difficult to bring this kind of evidence to bear, both 
for the horizontal and vertical components. I shall satisfy myself at present by 
giving the projection of one month’s results, namely, the results for the lunation 
included by December 15. 1845, and January 10. 1846 (Curves No. 3, Plate VI). 
From this single month the same, or very nearly the same, periods of maxima and 
minima are obtained as in the mean for the two years. The maxima have nearly 
equal values, and so also have the minima; the principal maximum and minimum, 
however, occur at the times of the secondary maximum and minimum of the mean 
curve. Such a difference in the values of the maxima might be expected; for, 
though the moon has every declination in the course of one lunation, it is full 
only at one of these declinations. It would not have been difficult to have ob- 
tained a curve from one month’s observations representing the mean curve better. 

21. In order to obtain the variations of the vertical component with respect to 
the moon’s age, summations were made similar to those indicated (No. I., 18) for 
the horizontal component. It should be mentioned (as it should have been before 
for the horizontal component), that in all the results for monthly periods mean 


| 
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values for Sundays were used. These were obtained by interpolation ; the mean of 
the three days preceding, and of the three days succeeding, were taken as the 
means for the Sundays. The want of approximate means for these days would 
tend to destroy the regularity and distinctness of the results, owing to the varia- 
tions, due to different causes, which it is desired to eliminate, and that the blank 
days enter irregularly into the days of the mean monthly periods. 

22. The results of these summations (Curves No. 4, Plate V1.) are, that each year 
indicates maxima of the vertical component near the quadratures, and minima near 
the syzygies. In order to render the fact more distinct, and the curves somewhat 
more regular, eleven days* of greatest disturbance were eliminated in each of the 
years 1844 and 1845, namely, those days on which the mean value of the verti- 
cal component was greater than the mean of the previous and succeeding days 
by more than 26 micrometer divisions (about three times the resulting range). 
The principal minimum in 1844 occurs at the period of full moon; in 1846 it 
occurs about three days before the new moon. In the mean of both years the 
principal minimum occurs at the time of full moon, the secondary minimum about 
two days before new moon; the maxima occur between these periods, and they 
are nearly equal. The lowest curve of No. 4 is the projection of the mean for 
the two years without eliminating disturbances. It differs little in regularity from 
the other in which the large disturbances are eliminated. The irregularities in 
these curves may be partially due to the cause of error already stated (17), 
- namely, an insufficiency in the temperature correction. 

23. Whether due to the cause just mentioned or not is uncertain, but the 
results for the relation of the variations of the vertical component to the moon’s 
declination are neither distinct nor consistent for the two years, and the elimina- 
tion of the days of large disturbance does not improve them. The mean for the 
two years seems to shew something like the law found for the horizontal com- 
ponent, namely, maxima about the periods of greatest north and south declina- 
tion; but I do not place any trust at present in this result. 


Makerstoun, April 13. 1846. 


* Each of these days was actually observed (observations were made) at the time as a day of dis- 
turbance. 
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XVI.—On the Solubility of Fluoride of Calcium in Water, and its relation to the 
occurrence of Fluorine in Minerals, and in Recent and Fossil Plants and Ani- 
mals. By Greorce Wuison, M.D. 


(Read April 6, 1846.) 


1. Introductory Remarks. 

Tue investigation I am about to bring before the Royal Society, was under- 
taken in consequence of a discussion which took place in the Zoological Society 
of London in 1843,* in reference to the chemical composition of the bones of the 
gigantic bird the Dinornis, discovered some time previously in New Zealand. At 
the meeting in question, the distinguished paleontologist Dr FaLconer drew 
attention to the frequent, if not constant, occurrence of fluoride of calcium in fossil 
bones, and, as he stated, also in those of mummies; and threw out the sugges- 
tion, that the fluoride might shew itself in these animal remains, not as an origi- 
nal ingredient of the bones, or as derived from the matrix in which they were 
found, but as a product of the transmutation of their phosphate of lime. The 
idea of such a conversion taking place, is as old at least as the days of KLaprors, 
who suggested the possibility of phosphoric acid becoming changed into fluoric.t 
It is commented upon by Fourcroy and VauqueE.in,}{ as well as by Gay Lussac, § 
as a thing possible but not probable, and which their ignorance of the nature of 
fluoric acid prevented them from discussing satisfactorily. 

The revival of this suggestion by Dr Fatconer, at a period when the possi- 
bility of the chemical elements undergoing transmutation was occupying the 
attention of English chemists, and avowedly with a view to shew at least the 
possibility of such an idea proving true, excited much discussion, and led, I be- 
lieve, to the researches of Mr MippLeton and Dr Dauseny, which I am presently 
to mention, and of which my own may be considered the sequel. I have to re- 
quest the forbearance of the reader, whilst, with as much brevity as possible, I 
refer to the labours of my predecessors in relation to the presence of fluorine in 
different bodies. 

In 1802, Moricuint of Rome discovered fluoride of calcium in the molars of 
a fossil elephant, and was led, in consequence, to search for it in the enamel! of 
recent human teeth, where he also found it.|| His results were confirmed by 
Gay Lussac, who experimented along with him,§ and by Berze.ius, who found 

* Literary Gazette, Dec. 2. 1843, p. 779. | + Annales de Chimie, tome lvii. (1806), p. 43. 


Ibid., § Ibid., tom. lv., p. 265, 
| Ibid., p. 258, Ibid. 
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the fluoride in the recent bones of man. and of the ox; and ascertained the pro- 
portion ini which it was present in both.* On the authority of these chemists, 
fluorine was ranked among the constituents of animal bodies. Many excellent 
observers, however, soon after declared themselves unable to detect that element 
in recent bones. Among these are Fourcroy, VAUQUELIN,+} WOLLASTON, BRANDE, 
Dr T. Tuomson,{ Grrarpin, Preisser, and Rees;§ the last of whom is not con- 
tent with stating that he found no fluorine in unburied bones, but affirms that no 
one else can have met with it in them. More recently, Mr MippLeTon}|| and Dr 
DAUBENY 4 have experienced no difficulty in confirming the original results of 
MoricuinI and Berzetivs. An American observer has been equally successful.** 
Dr Grecory informs me that he has made many examinations for fluorine in 
recent bones, and has always found it present in them. My own experience of 
the subject is to the same effect. I shew the Society glass etched by recent hu- 
man bones, male, female, and foetal, which were obtained, without special selec- 
tion, from the dissecting-room ; likewise glass corroded by hydrofluoric acid from 
the tusk of the recent elephant, and the teeth of the recent hippopotamus, walrus, 
leopard, and shark. | 

I shall return, in another section of this paper, to the consideration of the 
question, how the discrepance in the statements of observers concerning the pre- 
sence of fluorine in recent bones is to be accounted for. It was the occurrence of 
that element in fossil bones which gave rise to the discussions concerning its origin, 
to which I shall have occasion to refer. Fluorine is not a constant ingredient of 
the animal remains in question, according to Fourcroy and VAUQUELIN, who 
examined some which contained none. But in the greater number of cases it has 
been found present, so that GrraRDIN and PREIssER have even proposed to con- 
sider its existence in an unknown bone as a proof of the latter not having be- 
longed to man or to any recent organism, but to some “ antediluvian animal.” +} 

It is acknowledged, moreover, that in buried bones, especially in those that 
are petrified, fluorine is frequently present in larger proportion than in recent 
ones. Thus LAssAIGNE found fifteen per cent. of fluoride of calcium in the bones 
of the Anoplotherium;}} MippLETOoN ten per cent. in those of various animals from 
the Sewalik Hills ;§§ Grrarpin and PREIssER nine per cent. in those of the La- 
mantin. |||| Mr MrppLEToN, indeed, has endeavoured to shew that the proportion 
of fluoride of calcium increases according to the period of the entombment of the 
bone at the rate of 14 per cent. in a thousand years, and has proposed to estimate 


* Annales de Chimie, tom. Ixi. (1807), p..256. + Ibid., 1806, t, Ivii., p. 41. 
} Chemistry of Animal Bodies, p. 236. 
§ Guy’s Hospital Reports, quoted in Edin. Phil. Journal, vol. xxviii., p. 93. 


|| Chemical Society’s Memoirs, vol. ii., p. 135. q Ibid., p. 101. 
** Edin, Phil. Journal, vol. xxxix., p. 235. tt Ann. de Chim., t. ix. (1843), p. 381. 
tt Quarterly Journal of Geological Society, vol. i., p. 216. §§ Ibid. 


|| Ann. de Ch, et Ph., t. ix., p. 375, 1843. 
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the age of bones, and of the rocks containing them, by the per-centage of fluorine 
in the former.* This idea, however, is certainly unwarranted. In the bones of 
five fossil animals, including the Plesiosaurus and Ichthyosaurus, GrrarDIN and 
PrEISsER found from one to two per cent. of fluoride of calcium ;+ whilst in those 
of the recent ox, BERZzELIvs found nine per cent.t In the ancient bones there was 
thus, instead of a much higher per-centage, seven per cent. less of fluorine than in 
the recent bones. Many other objections might be made to Mr MIDDLETON’s view. 

Those who deny the existence of fluorine in recent bones, consider the whole 
amount of that element found in ancient buried ones, as in some way or other a 
product of fossilisation. According to those, on the other hand, who affirm the 
presence of that element in recent organisms, only a portion, at most, of the fluo- 
rine found in osseous remains has been added since they ceased to be parts of 
living animals. It is impossible, however, to separate the two questions. We 
have no data from which to determine whether or not the bones of an extinct 
animal contained fluorine during its life, and, if it did, how much was present. 
It will be sufficient, therefore, if I consider what progress has been made in an- 
swering the one question, How does fluoride of calcium come to be present in 
bones, either recent or fossil ? | | 

Three replies have been proposed to this query. 1s¢, That of Dr Fatconer, 
already referred to, which, taking for granted that fossil bones contain more fluo- 
rine than they possessed whilst parts of living animals, assumes, or rather sug- 
gests as possible, that phosphate of lime has been transmuted into fluoride of 
calcium.j 2d, That of Lienic, which, going on exactly an opposite assumption, 
takes for granted (if I understand him aright) that bones of living antediluvian 
animals contained the same proportion of fluorine which we find in their fossil 
remains; and refers its greater abundance in these, either to its having been 
present in larger quantity in the food of their living possessors, than it is in that 
of existing animals, or to its having been appropriated to a larger amount from 
it || The third is that of Mr MipDLETON, who supposes every bone to possess 
normally two per cent. of fluoride of calcium, and considers all above that which 
a fossil bone contains, as added to it whilst buried in the earth, by the infiltra- 
tion of water containing that salt held in solution by some unknown solvent. 

It is unnecessary to discuss the first and second propositions referred to. It 
is impossible, in the present state of our knowledge, either to prove or to disprove 
them. The idea of transmutation of a phosphate into a fluoride, was doubtless 
suggested solely because there seemed no other way of accounting for the accu- 
mulation of fluorine, and will be abandoned, if it shall appear that recognized 


* Quarterly Journal of Geological Society, vol. i., p. 216. 

+ Annales de Chimie, 1843, pp. 370-78. t Ibid., t. Ixi., p. 257. 
§ Literary Gazette, 1843, p. 779. , 

| Chemistry of Agriculture, 3d edition, p. 123. 
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chemical forces can explain the phenomenon. The great German chemist, also, 


(whose view may be the true one,) will probably modify his opinion, when he 


finds that fluoride of calcium is soluble in water. 


Mr MIpDLETON’s supposition that all bones contain two per cent. of fluor, is 


certainly untenable, and so is his belief that bones invariably gain fluorine whilst 
undergoing fossilisation ; but he brought satisfactorily to the test of experiment 
his view that fluoride of calcium may reach the bones both of living and dead 
animals through the medium of water. His experiments were not made with 
aqueous solutions, in which a mere trace of fluoride could at best be expected to 
be present, but with sedimentary deposits, of natural and artificial origin. “I 
was led,” says he, “to institute a series of experiments on aqueous deposits 
of different ages, and I found, that, with one exception (a pure but incompact 
stalactite of carbonate of lime), fluorine exists in all, from the most recent deposit 
down to the old red sandstone, and that it is present in the older in larger pro- 
portion than in the newer beds. I think it is, therefore, beyond a doubt, that it 
is present in water, though, perhaps, in very minute quantity. What its solvent 
may be I know not ; but that it is so held in solution my own experiments have 
demonstrated ; and if they had not, the simple fact that the blood conveys it to 
the bones, would, I apprehend, sufficiently refute any scepticism on the subject.’’* 

It may justly be questioned, whether the fact of a substance being soluble in 
a highly complex fluid like blood, would entitle us to infer that it was equally 
soluble in pure water. But it is singular that Mr Mipp.etov, holding such a view, 
and after finding fluorine in so many aqueous deposits, should not have endea- 
voured to dissolve the fluoride of calcium in water. He was, doubtless, prevented 
from making any trials on the subject by the universal statement of chemists, that 
the salt in question is quite insoluble in water. 


2. Of the Solubility of Fluoride of Caleium in Water. 

Many substances are spoken of by chemists as insoluble in water which are, 
nevertheless, known to possess a certain slight solubility in that fluid. But 
fluoride of calcium has been considered so well entitled to the character of total 
insolubility, that our most accurate analysts, as Berzetius and Ross, have pur- 
posely converted fluorine into this salt in their quantitative determinations of the 
former, and have washed the latter freely with water, and, as they believed, with- 
out its suffering any loss. Their example has been followed by all other analysts, 
and the fact supplies a better proof than any quotation of individual authors could 
do, that fluoride of calcium has been considered quite insoluble in water. Rely- 
ing implicitly on the truth of this belief, | sought for a solvent of fluor-spar which 


could retain it in union with water, and carry it into the tissues of plants and . 


* Quarterly Journal of Geology, vol. i., p. 215. Mr Mippreron’s other papers on fluorine are 
in the Chemical Society’s Memoirs, vol. ii., p. 184; and in the London Phil. Mag., No, 164, p. 14. 
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animals. The frequent association of phosphate of lime and fluoride of calcium 
in minerals, naturally suggested that whatever substance enabled water to become 
charged with the one salt, would cause it to dissolve the other. Carbonic acid is 
known to be one agent which confers upon water the power of taking up phos- 
phate of lime ; it seemed worth while, therefore, to try whether it would cause it to 
dissolve fluoride of calcium as it does so many other lime-salts. I was not aware 
that Dana the American mineralogist,* and Professor Granam of London,+ had 
anticipated me in this idea, or I should probably not have performed any experi- 
ments on the subject. In ignorance of their views, the following trials were made. 
_ A portion of pale green crystallised fluor-spar was reduced to fine powder and 
digested for some hours in warm nitromuriatic acid, so as io remove any car- 
bonate of lime, metallic oxides, or other foreign matters, which might be present. 
It was then washed on a filter, dried, and suspended in pure distilled water, 
through which a current of carbonic acid was passed for two hours. At the end 
of this period the liquid was filtered through paper, and tested for lime by oxalaté 
of ammonia. A cloudiness was soon occasioned, and speedily a white precipitate. 
On evaporating the liquid to dryness, a greyish-white residue was left which gave 

off sharp acid fumes when moistened with oil of vitriol. When this residue was 
- warmed with Nordhausen sulphuric acid in a platina crucible covered by glass, 
the latter was deeply corroded in a few minutes. The process was repeated many 
times, and always with the same result. I shew the Society squares of glass 
which were etched in this way; the engraved words having been traced through 
wax, as in the ordinary method of testing for hydrofluoric acid. The experiments 
referred to were made in January last, and were supposed to justify the idea 
which led to their trial, namely, that carbonic acid was the agent which enabled 
_ water to dissolve fluor-spar. 

If carbonic acid, however, had been essential to the retention of fluor in solu- 
tion, the expulsion of that gas, by warming the liquid, should have been followed 
by the deposition of the fluoride. I was struck, however, by observing that the 
solution could be raised to the boiling-point, without any troubling or opalescence 
appearing, and that no precipitate shewed itself after protracted ebullition. It 
was manifest that water was able of itself to retain in solution the fluoride if once 
dissolved in it ; and highly probable that it would prove equally sufficient to com- 
-Mence the solution of the lime-salt. The experiment was accordingly tried of 
suspending fluoride of calcium in cold distilled water, and shaking it occasionally 
in a stoppered bottle for two hours. The liquid, after filtration, shewed lime with 
oxalate of ammonia as readily as the carbonic acid solution had done, and left, 
after evaporation, a residue which gave, with oil of vitriol, acid vapours etching 


* Edin. Phil. Jour., vol. xxxix., p. 255. 
+ Note to Mr Mippieron’s paper, Quart. Jour. Geol. Soc., vol. i., p. 216. 
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glass. Distilled water was then boiled upon powdered fluor-spar and filtered 
whilst hot. It precipitated oxalate of ammonia instantaneously ; and deposited, 

after cooling, a small quantity of a white precipitate, which answered to the tests 
of lime, and, when moistened with strong oil of vitriol, gave off an acid which 
corroded glass. The supernatant liquid likewise precipitated oxalate of ammonia, 
but more slowly, and yielded, on evaporation, a residue identical in characters 
with the deposit from the hot aqueous solution. When the deposit or residue 
was mixed with pounded glass and oil of vitriol, and heated in a flask, a gas was 
given off which deposited gelatinous silica when passed through water, and had 
all the characters of fluosilicic acid. It was manifest from these trials, that water 
can dissolve fluoride of calcium ; and that it is more soluble in boiling than in 
cold water. 

The experiments I have mentioned are of so simple and decisive a kind, that 
the conclusion they warrant cannot be evaded. That no error might arise from 
impurity of material, many of them were made with water twice distilled, and 
ascertained to be quite free from foreign matter. On the other hand, specimens 

of fluor-spar were obtained from different cabinets; some massive; the greater 
- number well crystallised. The fluor was finely powdered, and thereafter, in the 
greater number of cases, digested in warm aqua regia, washed and dried. The 
only foreign body likely to be present, which could escape removal by this treat- 
ment, is silica, a substance which would lessen rather than increase the solubility 
of the fluor. Lest, moreover, the agents employed to purify the fluoride of cal- 
cium should be supposed to have conferred on it a solubility which it did not ori- 
ginally possess, other trials were made with native crystals, which, without preli- 
minary treatment, were reduced to powder and boiled with distilled water. In 
every case solutions were obtained, which, when cooled, yielded a deposit, or, 
when evaporated, a residue, which gave off — acid when moistened 
with oil of vitriol, and left sulphate of lime. 

The pieces of etched glass which I shew the Society were corroded by hydro- 
fluoric acid obtained from the fluoride of calcium previously in solution in water. 
They will be observed to be as deeply bitten in as if undissolved fluor-spar had 
been made use of. Four liquid ounces of the cold aqueous solution will be found 
to leave sufficient residue to etch glass permanently. The residue from the same 
amount of solution made at 212° Fahr. will act still more decisively. 

The solution of fluoride of calcium in water at 60° is colourless, transparent, 
tasteless, and precipitates oxalate of ammonia. Chloride of barium and nitrate of 
baryta occasion a white precipitate. These reagents act more readily with the 
solution at 212°. 

The only one of these reactions I have yet found time to examine with any 
attention is that of the salts of barium. The precipitate they occasion yields 

hydrofluoric acid abundantly, when treated with oil of vitriol. I have not ascer- 
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tained whether it is simply a fluoride of barium, as it is likely to be, when nitrate 
of baryta is employed ; or a double fluoride and chloride of barium, as it may be, 
when the latter is the precipitant. Brrzexius has described such a salt. But I 
have frequently availed myself of the fact that barium forms a sparingly soluble 
compound with fluorine, in seeking for the latter in liquids. They are often most 
conveniently tested for that substance by precipitating them by a salt of baryta, 
and testing the precipitate for hydrofluoric acid. This reaction, moreover, has an 
important relation to qualitative chemical analysis, inasmuch as it throws an 
unsuspected difficulty in the way of distinguishing dissolved sulphates from 
fluorides. The barytic precipitate, with solution of fluoride of calcium, is soluble 
in excess of nitric and hydrochloric acids, but it requires a much larger addition 
of these to redissolve it, than the carbonate, borate, or phosphate of baryta does. 
A fluoride, therefore, may readily be mistaken for a sulphate, or a mixture of 
both for only the latter. This mistake must have been frequently made in | 
analysing mineral waters, where fluorine is certainly more abundant than has 
hitherto been suspected. When fresh analyses of these bodies shall be made, I 
have little doubt that where fluorine is met with, as Mr Mrpp.eron has already 
discovered it in the pipe-water of London, and I have detected it in one of the 
wells of Edinburgh, it is the sulphates that will be found to have been over- 
estimated, at the expense of whatever proportion of fluorine was also present. 

The fact of the solubility of the fluoride of calcium in water introduces an 
insurmountable objection to the present method of estimating fluorine quanti- 
tatively. It accounts in part for the discrepance between the result obtained, 
when fluorine has been estimated by the loss which a substance containing it 
sustained when heated with sulphuric acid, as contrasted with that which has 
-. been procured when the hydrofluoric acid evolved was condensed in ammonia, 
and precipitated by solution of chloride of calcium. Dr Davuseny, for example, 
mentions that phosphorite from Estremadura, yielded, according to the first 
method, fifteen per cent. of fluoride of calcium, according to the second, not nine 
per cent.* Part of the difference was doubtless owing to the difficulty with 
which fluor-spar is made to abandon all its fluorine when distilled with oil of 
vitriol, in consequence of the pasty condition of the sulphate of lime which is 
formed. But when we find Dr DauBeny mentioning, that he subjected the pre- 
cipitated fluoride of calcium to “ repeated washings with water,” in order to 
remove any accompanying sulphate of lime, we may well suspect that fluoride of 
calcium was also washed away. 

I regret that I cannot yet announce the proportion of fluor-spar which water 
dissolves. Owing to the corroding action which the solution occasionally exerts — 
on glass, I thought it unadvisable to employ vessels of that material, or of porce- 


* Chemical Society’s Memoirs, vol. ii., p. 98. 
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lain. I endeavoured to substitate for these, silver basins, but found it impossible 
to prevent them gaining weight from the sulphuretted hydrogen constantly pre- 
sent in an analytical laboratory. Through the liberality of Dr Grecory I have 
recently obtained a platina basin of much larger dimensions than the resources of 
my own laboratory afforded, and by means of it I shall be able to announce the 
proportion of fluor-spar taken up by water. Meanwhile, we cannot doubt that 
the proportion of fluorine has hitherto been estimated too low in most of the 
substances ascertained to contain it. In some cases the error must have been 
considerable. 


I had hoped that the barium salt of fluorine would prove suitable for the 


quantitative estimation of the latter. It certainly would be much better than the 
fluoride of calcium, but according to BERzeELius it possesses a certain though 
slight solubility in water. Fluoride of barium must accordingly be rejected also, 
unless no better compound for estimating fluorine quantitatively can be discovered. 
I may remark, in passing, that the fact that fluoride of barium is soluble in water 
might have led to the discovery that the similar salt of calcium was so likewise. 
The salts of barium, as a class, are much more insoluble than those of calcium. 


If, therefore, the barium compound of a salt-radical be soluble in water, the 


calcium salt of the same radical should, a fortiori, be still more so. 

The observation of the previously unsuspected solubility of fluor-spar in 
water, promised to thiow light on some interesting problems connected with 
geology, mineralogy, and physiology. I was induced, in consequence, to make a 
series of researches in reference to these points, the results of which I shall now 
briefly state. | 

Many of the investigations were very tedious, and I take this opportunity of 
expressing my obligations to two of my pupils, Mr Henry C. Brices and Mr 
Henry WILi1AM STANSFELD, for the cordial and untiring assiduity with which 
they aided me in my researches. To my assistant, Mr Davip Forses, I have 
likewise been greatly indebted for the most active co-operation throughout the 


inquiry. 


3. Of the presence of Fluorine in Well, River, and Sea Water. 

It was impossible to doubt, after the facts I had observed in the laboratory, 
that fluorine must be no infrequent constituent of well and river as well as of sea 
water. BERZELIUsS mentions that fluoride of calcium has been found in the waters 
of Carlsbad.* Dr Curistison has pointed out to me that HUNEFELD detected a 
trace of it in the waters of Gastein in the Tyrol,t and that PLaniava found 
gr. 0°07 of the fluoride in 10,000 grains of the water of Lukatschowitz in 


* Lehrbuch der Chemie, vol. ii., p. 607. 
+ Bulletin des Sciences Médicales, vol. xvii., 425. From Jahrbuch der Chemie und Physik, xxii. 458, 
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Moravia.* MrppLeTon has found it in the London pipe-water, and in three 
other waters, the localities of which he does not mention; but as the experiments 
were made in London, they were probably English. Traces of it have been found 
in other waters also. 

I was induced to search for it in the water used in certain of the breweries 
in Edinburgh, in consequence of learning that these rapidly corrode the ther- 
mometers employed to regulate the temperature of the boilers and vats. The 
fact was first mentioned to me by a gentleman, who, before I made any trials on 
the subject, inferred that the corrosion of the glass must be owing to the pre- 
— sence of a fluoride in the water. I discredited the statement when I first heard 
it, supposing that an incrustation or deposition of sulphate and carbonate of lime 
had been mistaken for a true corrosion. I thought it impossible, moreover, that 
fluoride of calcium, even if it were present, could act upon glass. But in the 
course of the experiments already detailed, I had once occasion to notice that a 
new Berlin porcelain basin, in which a considerable quantity of the aqueous 
solution of fluoride of calcium was boiled down, had its glaze completely re- 
moved. On observing this fact, I applied to our intelligent instrument-maker, Mr 
STEVENSON, through whose hands the greater number of the thermometers used 
by the Edinburgh brewers pass, in the course of receiving necessary repairs. He 
informed me that he was quite familiar with the rapid dimming of the thermome- 
ters, and that it was a true corrosion ; in proof of which he gave me two pieces of 
broken thermometers, which I shew the Society. They are certainly abraded, 
and present a surface like that of ground glass. The roughening which is so 
manifest was not the result of friction against the sides of the brewing vessel, or. 
any other kind of mechanical action ; for the corroded part of the thermometer- 
stem was enclosed in a brass-tube, and completely protected from external 
violence. It is proper to mention that the workmen in some of our breweries are 
in the practice of scraping the stems of their thermometers, to remove the de- 
posit of lime-salts which rapidly gathers on them, and are ready to affirm that 
the apparent corrosion is an abrasion occasioned by their own knives. To guard 
against the possibility of any deception having occurred in this way, I visited the 
brewery of Mr CAMPBELL, situated in the Cowgate, behind Minto House, and was 
shewn by his manager a thermometer which had never been scraped with any 
instrument, and had been in use only a few weeks, but was nevertheless so 
dimmed, that it required to be dipped into water in order to confer upon it a 
temporary transparency, before the included mercury could be distinctly seen. 
Mr Stevenson informs me that he finds the protected parts of the thermometer- 
stems, which are enclosed in brass-tubes, as much corroded as those which are 
exposed. 


* Bulletin des Sciences Medicales, vol. xvii. p. 425. From Zeitschrift fiir Physik und Mathematik. 
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It seemed well worth while to seek for fluorine in one of these waters. I 


obtained accordingly from Mr CampBeEL.’s brewery, a portion of the abundant 
deposit, consisting chiefly of sulphate and carbonate of lime, which collects with 
great rapidity in the boilers. It was treated with nitric acid, the dissolved portion 
poured off, neutralized with ammonia, and precipitated by nitrate of baryta. The 
precipitate, after being washed and dried, was warmed with Nordhausen sulphu- 
ric acid, in a lead basin; a square of waxed plate-glass, with characters traced 
through the wax, being laid as a cover overit. In this, as in all other experiments 
of the kind, a wall of wax was raised on the edges of the upper side of the glass, 
so as to retain a portion of water sufficient to keep the plate cool, and condense 
the hydrofluoric acid on it. This simple, but useful device, I borrowed from Dr 


DavusBeny.* Three squares of glass were very distinctly, though not deeply, etched 
in this way. 


Fluorine, then, was present in this water; and the fact has an interesting 


_ relation to the circumstance pointed out to me by Mr Rose, that the well from 


which it was obtained is sunk through a bed of sandstone, containing much mica, 
a mineral in which Rosg,t TurNnEr, GreGory,t and other analysts, have found 
between 1 and 2 per cent. of fluorine. In reference to the corrosion of the brewery 
thermometers, however, I wish it to be distinctly understood, that I do not seek to 
refer the whole abrasion of the glass to.the action of a fluoride dissolved in the 
water in which they are immersed. The well-known experiments of Lavoisier, 
made in the end of last century, proved that even distilled water, if long boiled 
upon glass, can corrode it. Every chemist is familiar with the rapid action of 
solutions of the fixed alkalis, and of phosphate of soda on flint-glass. The in- 
ferior kinds of bottle-glass, especially when containing too little silica and excess 


_ of lime, have been shewn by Farapay|| and WarrincTon to suffer corrosion by 


the action of wine, and of diluted hydrochloric, sulphuric, and tartaric acids; 
and it would be rash to suppose that these are the only re-agents that can act 
upon artificial silicates, especially upon those which contain excess of basic 
oxides. 

On the other hand, it is impossible not to connect the fact that the thermo- 
meters are corroded, with the circumstance that the water which occasions this 
corrosion contains fluoride of calcium. The other constituents of the brewery 
water are chloride of calcium and sodium, sulphate of lime and of soda, carbo- 
nate of lime and of magnesia, silica and organic matter; no one of which is known 
to have any action on glass. 

In connection with this fact I may mention, that Mr Stevenson finds the 
thermometers used in the breweries in the valley of the Cowgate much more 


* Chemical Society’ 8 Memoirs, vol. ii., p. 101. + Poacenponrr’s Annalen, vol. i., p. 80. 
t Brewsrer’s Journal of Science. | Chemical Society’s Memoirs, vol. ii., p. 247. 
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rapidly corroded than those employed in the similar establishments in the Canon- 

As the action of the water may be supposed to be the same at both places, 
and the attending circumstances similar, it must be some constituent of the Cow- 
gate wells that occasions the difference. It may be the fluoride of calcium.* 

To conclude this part of the subject, I may state that Dr Curistison informs 
me, that he has frequently had occasion to notice that considerable quantities of 
natural waters evaporated to dryness in glass basins, permanently destroyed the 
transparency of the latter. From all that has been mentioned, it will appear 
that fluorine is likely to prove a frequent, though not an abundant, constituent of 
ordinary water. If the proposal to construct the pipes of our water-works of 
glass be put into practice, we may have an opportunity, on the large scale, of 
testing the truth of this idea. , 

It follows as a corollary, from the truths already detailed, that fluorine must 

‘be present in sea-water. The inference that it must be there, had been drawn 
by Mr Mippeton from the fact, that fluoride of calcium occurs in the shells of 
marine mollusca.t SILLIMAN junior has come to the same conclusion, apparently 
without a knowledge of MipDLETON’s views, in consequence of invariably finding 
the same fluoride in calcareous corals.t In the teeth of the walrus and of the 
shark, the only marine animals I have examined, I found fluorine very distinctly, 
especially in the latter. 
I attacked the problem, however, directly, by examining the water of the 
Frith of Forth. A portion of the mother-liquor or éittern, from the pans at 
Joppa, near Portobello (three miles from Edinburgh), in which sea-water is con- 
centrated so as to yield culinary salt, was precipitated by nitrate of baryta. The 
precipitate, after being washed and dried, was warmed with oil of vitrol in a lead 
basin, covered by waxed glass, with designs on it. The latter were etched in two 
hours, as deeply as they could have been by fluor-spar treated in the same way, 
the lines being filled up with the white silica, separated from the glass. To the 
acknowledged constituents of sea-water, fluorine, then, must now be added. 


* As the fact of the frequent presence of fluorine in water must hereafter enter as an important 
element into all speculations as to the cause of the corroding action of water on glass, I place here on 
record the result of an accurate quantitative trial on the latter subject. | 

I am indebted to Mr Joun Ante for the particulars of the following experiment, which was made 
with a view to discover what peculiarity in the structure of glass unfits much of it for optical purposes. A 
cube of glass, two and a half inches square, was inclosed in a fir box, and fixed immovably in it by pieces 
of wood. Holes were pierced in the sides of the wooden case, so as to permit the free passage of the 
water, and the whole was placed in an engine-boiler, supplied with the Edinburgh pipe-water, and left 
there for six months. During that period the boiler was in action twelve hours each day ; the water 
being under a pressure of 35 pounds on the square inch, and at a temperature of about 260° Fabr. The 
cube weighed, when first immersed, 9157 grains, and, when taken out, had lost 457 grs., or about sth 
part of its weight. It is right to mention, that the condensed steam was returned to the boiler, so that 
fresh saline matter was only furnished in the water added, from time to time, to supply the waste. 

+ London Phil. Mag., No. 144, p. 14. . 

¢ On the Chemical Composition of Calcareous Corals, by B. Sitximan junior.—American Journal 
of Science, vol. i, Second Series. | 
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This fact, besides its interest in relation to natural history, will be welcome to 
chemists, as adding another link to the lengthened chain of analogies between 
chlorine, bromine, iodine, and fluorine. In teaching the beautiful law that bodies 
closely allied in chemical characters occur together in nature, I have always felt the 
force of the argument weakened, by the absence of fluorine from sea-water where 
the other members of its class are so abundant. Its detection in bittern removes 
the difficulty, and adds another to the many relations which are common to the 
well-marked natural family of simple-salt radicals to which it belongs. 


4. Of the presence of Fluorine in Minerals. 


It remains to connect the initial fact of this paper with the occurrence of 
fluorine in minerals, and in plants, and animals ; and, first, of minerals. I exclude, 
in the meanwhile from notice, fossil bones, which will be best considered in rela- 
tion to animal remains. 

The solvent power of water over fluoride of calcium is likely to throw some 
light both on the appearance and disappearance of that substance from particular 
localities, in relation to geological changes. In connection with this branch of 
our subject, Mr Rose has reminded me of a phenomenon familiar to mineralo- 
gists, namely, the frequent occurrence of quartz with deep cubical impressions on 
its surface, believed to be casts of crystals of fluor-spar, which had been dissolved 
away after the deposition of the silica. It is possible that the markings may 
have been occasioned by galena or iron pyrites, the latter of which we know, in 
contact with air, can change into sulphate of iron and sulphuric acid, and is then 
quite soluble in water, and might be readily carried away. Cubical iron pyrites, 
however, in general is quite permanent, and suffers no change even with the freest 
exposure to air ; and galena is an exceedingly insoluble substance. Mineralogists, 
accordingly, have universally agreed that the square impressions on quartz are 
the imprints of fluor, and the very frequent association in nature of the latter 
with silica, seems to justify their view. It has been a problem, however, what 
agent has removed the fluor; and it seems not impossible that water may have 
been the body which dissolved it away. In confirmation of this idea, I may 
refer to a paper by Mr Rosert WERE Fox,* in which he describes certain 
pseudomorphous octohedrons of quartz, ‘more than an inch in diameter,” which 

“‘ were broken from a copper vein in Killas, at the depth of about 160 fathoms from 
the surface.” The crystals were hollow, and many of them contained, hermetically 
enclosed within them, water, or rather an aqueous saline solution, and numerous 
pieces of fluor. “Of these,” Mr Fox says, “ all the fragments are corroded, and 
indicate, by their rounded edges and indented surfaces, the action of a solvent 


* Transactions of the Royal Polytechnic Society of Cornwall, quoted in Edin. Phil. Journal, vol. xI., 
p- 115. 
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which penetrated most readily between the planes of cleavage.” The contents of 
the different crystals were not alike, and, unfortunately, Mr Fox, doubtless from 
the belief that fluor-spar is insoluble in water, made no search for that substance 
in the liquid procured by breaking the hollow octohedrons. In several cases, 
however, it precipitated nitrate of baryta and oxalate of ammonia, an action re- 
ferred to the presence of sulphate of lime, but which may, in part at least, have 
been owing to fluoride of calcium being present in solution. In the matrix of these 
crystals, alternate layers of quartz and fluor-spar were found in lines like fortifica- 
tion-agate. When we connect these facts with the solubility both of fluoride of 
calcium and of silica in water, and with the observed presence of fragments of the 
former in the hollow crystals, it will be acknowledged that water, if not the true, 
would at least be a sufficient cause of the phenomena described by Mr Fox, and 
of the still more familiar one of square impressions on quartz, previously referred 
to. I have tried the experiment of placing powdered fluor-spar on a filter, and 
percolating distilled water through it, and have found that the latter precipitated 
oxalate of ammonia. Whilst, however, I think it cannot be denied that water in 
contact with fluor-spar must round off the edges of its crystals and dissolve it 
away, we have no data from which to determine what effect salts held in solution 
by water may have in increasing or diminishing its solvent power. 

It is necessary to mention here that fluorine is already known to occur in 
many minerals besides fluor-spar. It has been found in hornblende, as well as 
in mica, in apatite, wavellite, wagnerite, urinite, phosphorite, &c., along with 
phosphate of lime. Berzetivus and Rose* found it in sulphate of baryta; so did 
MippLeTon. I have found it there also; I have likewise obtained it in one case 
from gypsum. It has been found in other sulphates, and MippLeTon has fre- 
quently detected it in carbonate of lime. In general, it may be expected to occur 
along with the insoluble salts of baryta, strontia, and lime, and probably also 
with those of lead, especially when these are of aqueous origin. MIDDLETON’s 
detection of fluoride of calcium in the shells of marine mollusca, and Sr_uman’s 
recent elaborate analysis of corals, which resulted in shewing that in nine different 
species (the only ones in which it was sought for) fluoride of calcium occurred, 
lead directly, as the latter gentleman has indicated, to the conclusion, that shell, 
coral, and metamorphic limestones, may be expected to contain that salt. When 
to these sources of fluorine we add animal remains, especially their bones and 
excretions, but in truth their whole mass, it will be manifest that in all parts of 
our globe, water may meet with fluorine, and carry it into the tissues of plants 
and animals. This remark leads directly to its occurrence in the two latter ; 
and, first, of plants. 


* Griffin’s Rosé’s Quantitative Chemistry, p. 348. 
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5. Of the presence of Fluorine in Plants. 


Comparatively few examinations of plants have yet been made, in reference 
to the occurrence of fluorine in them ; but these, on the whole, have been satis- 
factory. SPpRENGEL appears to have been the first to suggest the likelihood of its 
presence in vegetables, but failed in detecting it in any of them, and referred his 
failure “ to its existing in such a state of combination as caused it to be dissipated 
by the heat necessary for expelling the carbonaceous matter, so that it could not 
be detected in the ordinary method.”* 

Dr DavuBEny “ ascertained that no sensible action is exerted on glass by heat- 
ing, with sulphuric acid, the earthy phosphates present, in twelve pounds of 
barley.”+ I was equally unsuccessful with the ashes of Kanaster tobacco, and 
of peas, and with those of charcoal and of coal. I ascribe the failure, however, 
not to fluorine existing in a peculiar state of combination in plants, but to the 
presence of silica, which, when in any quantity, makes the detection of fluorine 
very difficult. I took no measures to separate the silica in the few experiments 
I made on the subject, and SprReNGEL and DAUBENY appear to have omitted the 
same essential preliminary. Dr Witt of Giessen, who kept this point carefully 
in view, states that “ careful experiments, conducted under his own superin- 
- tendence, by Messrs JAMES MULLER and BLAKE, severally, have shewn that the 
ashes of French barley, grown in Switzerland, contain very distinct traces of it ; 
both straw and grain were employed.” ¢ 

To Wit. the credit of first finding fluorine in : enna is and due. As 
barley, however, contains a large amount of calcareous phosphates, which the 
fluoride of calcium has been supposed to accompany in a peculiar state of combi- 
nation, I thought it well to examine the ashes of a plant containing little phos- 
phate of lime, and which might be considered as having derived any fluorine it 
contained directly from the water its roots absorbed. I chose for this purpose the 
crudest American potashes, which, as they are obtained in part by burning the 
- young and succulent branches of trees, should contain portions of all that is soluble 
in the sap. A pound weight of ashes was supersaturated with hydrochloric acid, 
the liquid poured off, neutralised with ammonia, and precipitated by nitrate of 


baryta. The precipitate washed and dried, when treated with Nordhausen | 


sulphuric acid in a lead basin, in the way already described, etched glass dis- 
tinctly. 

Whether the fluorine found in plants is essential to them, and serves some 
purpose in their organization, or merely circulates in their sap, as other soluble 
-matters do, without being appropriated by the living organism, cannot be deter- 


* Chemical Society’s Memoirs, vol. ii., p. 103. + Ibid. t Ibid, p. 182. 
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mined in the present state of our knowledge. But fluorine may be expected 
to occur in the fluids of all the higher plants. On this subject WiLL observes, 
“ fluorine occurs in the teeth and bones of animals, having been derived by them 
from vegetable food; it will doubtless, therefore, exist still more abundantly in 
the ashes of plants.”* This expectation was probably founded on the supposed 
insolubility of fluoride of calcium in water, and is not likely to be fulfilled. 
Animals which may derive fluorine both from their solid food, whether animal or 
vegetable, and likewise from the water they drink, are likely to excel plants in 
the proportion of fluorine they contain. 


6. Of the presence of Fluorine in Animals. 

As there exists, then, a twofold source of fluorine for animals, we may antici- 
pate its occurrence in various parts of their structures. Passing by for the 
moment, as a disputed point, the occurrence of fluoride of calcium in recent 
bones, and excluding the consideration of its presence in shells and corals, it may 
be noticed that the urine of man is the only animal product in which fluorine has 
been quite certainly ascertained to occur. Gay Lussac appears to have been the 
first who suggested the probability of fluorine being found in the secretion of the 
kidneys,+ but he did not make any experiments on the subject. With the pre- 
cipitate obtained by adding lime water to human urine, BERzELius etched glass 
distinctly ; and from the period of his experiments, fluorine has been ranked among 
the normal, or at least the occasional, ingredients of the fluid in question. The 
fact, however, has always been referred to with a kind of hesitation, and had it 
rested on the authority of any less distinguished chemist than the great Swedish 
one, it would have dropped, I fear, out of notice altogether. t 

Rees repeated BErze.ius’ experiment, but quite unsuccessfully, and, as in 
the case of bones, affirms that fluorine cannot be found in urine. I made but 
one trial on the subject, but it was so decisively confirmatory of BERZELIUs’ 
original result, that it seemed unnecessary to repeat it. About 50 ounces of 
urine (urina potus), were precipitated by nitrate of baryta, which, for reasons 
already fully detailed, is preferable to lime, as forming a less soluble salt with 
fluorine. The precipitate, consisting chiefly of sulphates and phosphates, was 
collected on a filter, and dried without washing. Warmed with Nordhausen 
acid, it corroded glass deeply, the lines being filled with white silica, exactly 
as if fluor-spar had been used. In none of my experiments, except with the 
dissolved fluor, and with sea-water, has the etching been so distinct as it was 
in this case. I recommend those who wish to succeed in this experiment to 
employ what the older physiologists distinguished as wrina potus. In districts 
where fluorine is not abundant in the soil or waters, it may not so frequently 


* Chemical Society’s Memoirs, vol. ii. p. 182. t Ann. de Ch., t. lv. 
Smon’s Animal Chemistry, vol. ii. 
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occur in the bodies of animals, as it does in those of the inhabitants of other 
localities. The experiment in question was made in Edinburgh. 

It could not be doubted, after the facts I have detailed, that fluorine would 
be found in the two great formative liquids of the animal body, blood and milk ; 
I have found it in both. So far as I am aware, it has hitherto been overlooked 
in all the analyses that have been made of these liquids; probably it has not 
been sought for. 

I employed the blood of the ox, and in two cases obtained markings on glass, 
which only become visible when breathed upon, but are then quite manifest. 
In the third the glass was distinctly, though faintly, corroded. 

That others may know exactly how the experiment was made, I may men- 
tion, that in the most successful case, about 128 ounces of blood were taken, which 
had been freed, by stirring, from much of its fibrine, and was boiled till the liquid 
solidified. The broken coagulum was burned in a large crucible, the ashes boiled 
with dilute muriatic acid, and the liquid filtered and evaporated to dryness. The 
residue was then heated to redness to expel chloride of iron, and afterwards 
washed with a small quantity of water, sufficient only to remove the accom- 
panying chloride of sodium. The insoluble matter, which was in brilliant metallic 
crystalline scales, was reduced to fine powder, and heated with Nordhausen 


sulphuric acid, in a basin covered by waxed plate-glass. As the experiment per- _ 


formed in this way gave the fluorine only or chiefly of the serum, we may expect 
a still more decisive result to be obtained when the whole blood is taken. But 
it is so difficult to burn the fibrine of blood, that I was content, in a first trial, to 
experiment chiefly with the serum. As already mentioned, where the entire 
blood was made use of, glass was marked, but not corroded. Both of the trials, 
however, with the entire blood, were conducted so as to involve many washings, 
which were avoided in the third and most successful experiment. 

In examining milk, I thought to have saved myself the trouble of boiling down 
large quantities of that liquid by using cheese, which was burned, and the ashes 
digested in muriatic acid. The filtered solution was supersaturated with ammo- 
nia, and the precipitate which fell (consisting chiefly of phosphates), washed, dried, 
and tested with Nordhausen acid and glass. In three cases I totally failed to 
detect fluorine whilst operating in this way. I was not more successful with 
two quantities of milk treated similarly. I mention these failures to shew the 
necessity of avoiding methods which imply much washing upon filters, when 
fluoride of calcium is sought for. The large quantity of liquid made use of in the 
course of the process referred to, may have held in solution and carried away all 
the fluoride present ; especially as the addition of ammonia could only separate 
fluoride of calcium previously dissolved by an acid. In the last and successful 
attempt to detect fluorine in milk, the hydrochloric solution was neutralised with 


ammonia and precipitated by nitrate of baryta. The precipitate, which was — 
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slightly washed, etched quite distinctly. A still better process would be that 
followed with the blood, where washing was reduced to a minimum. These expe- 
riments throw no light on the condition in which fluorine exists in blood or milk; 
nor would it be easy to ascertain in what state of combination it occurs. In the 
meanwhile we may suppose it to be present as fluoride of calcium. 

There is one other animal fluid, the last towards which suspicion as to its 
containing fluorine was likely to have been entertained, in which hydrofluoric 
acid has been declared to occur, namely, the gastric juice. BruGNATELLI states 
that fragments of rock-crystal and agate inclosed in tubes, and introduced into 
the stomachs of hens and turkeys, were found in ten days to have lost 10 or 12 
grains in weight. TrREVIRANUS, also, is said to have found that chyme from hens’ 
stomachs corroded porcelain capsules. These experiments are thought to prove 
the presence of free hydrofluoric acid in the gastric juice. TIEDEMANN and 
GMELIN placed the gastric juice of ducks in platina crucibles covered with plates 
of glass, having lines traced on them through a coating of wax; but found no 
action on the glass after 24 hours digestion with the aid of heat.* That hydro- 
fluoric acid exists in the gastric juice of birds, in such quantity as to round off 
pebbles with the rapidity implied by BRuGNATELLI’s observations, is not probable ; 


but the force which is able to evolve hydrochloric acid at the stomach from the © 


chlorides which enter the system, is probably adequate, in similar circumstances, 
to convert fluorides, along with the elements of water, into hydrofluoric acid. We 
may now look for fluorine in all the animal fluids. 


7. Of the presence of Fluorine in Fossil Bones, and its relation to Animal Life. 


The facts detailed in the preceding sections remove much of the difficulty that 
has attended previous speculations as to the source of the fluorine found in fossil 
bones. It will now be conceded, that water must be constantly conveying that 
element into the organs of animals, whilst other portions are also added in their 
solid food. Whether this fluorine be supposed simply to travel through the 
_ organism, dissolved in the circulating fluid as fluoride of calcium, or as some other 
salt, and to quit the body as it entered it, without serving any purpose therein; or 
be imagined to fulfil some important end in relation to the functions of life, it 
must be expected to shew itself as a very frequent, if not constant, ingredient in 
the bones. We may quite safely infer that a portion, at least, of the fluorine 
found in fossil osseous remains must have been present in them when they were 
parts of a living structure; and when we find only two per cent. of fluoride of 
calcium in many ancient bones, while certain recent ones contain nine per cent., 
it may well be doubted whether a trace of the salt has been added during fossili- 
zation. Nay, it is a question I think worthy of discussion, whether there may not 

* These speculations will be found noticed in Berzexrus’ Traité de Chimie, or in Sruon’s Animal 
Chemistry, vol. ii., art. Gastric Juice. 
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_have been a decrease in the proportion of fluoride, water having washed it out, 


and dissolved it away. We naturally turn for light on this problem to the con- 
sideration of the question, What proportion of fluorine is found in the bones of 
existing animals? Here, however, we are at once met, as has been already stated, 
by the most contradictory declarations on the part of able chemists ; some affirm- 
ing that fluorine is found in all bones; others, that none can be detected in any. 

When it is considered how extremely simple the process of testing for fluorine 
is, and how little room there is for difference in manipulative dexterity affecting 
the result, I am constrained to admit, that, in the meanwhile at least, we must 
refuse to fluorine the character of being a constant ingredient of bones. On the 
other hand, it is certainly a very common one, more frequently present than ab- 
sent; and we may encourage the expectation, that future researches will explain 
satisfactorily the cause of failure where negative results have been obtained, and 
prove fluorine to be an ever-present constituent, not only of bones, but of other 
animal tissues.* | 

The suggestion, accordingly, of Lizsic, that fossil bones contain only the 
fluorine which was added to them whilst parts of living structures, may be found 


* Certain of the recent observers have endeavoured to reconcile the conflicting statements of their 
predecessors in reference to this subject, but with little success. Dr Dauseny conceives that the failures 
may have arisen, in part, from the bones examined not having been deprived of their gelatine before 
being tested for fluorine, so that the animal matter prevented the hydrofluoric acid from acting on the 


glass.* But on the one hand, Fourcroy and Vavauetin, who were unsuccessful searchers for the 


element in question, pointed out long ago the necessity of burning away the gelatine as a preliminary 
step, and always did so before looking for fluorine.t On the other hand, Mr MippigTon, who found that 


substance abundantly in bones, simply broke the latter into small fragments, and heated them with con- 


centrated sulphuric acid. He states, moreover, that the time occupied by each experiment was only 
between five and ten minutes.} Dr Dauseny refers likewise to the presence of salts of volatile acids 
and salt radicals, such as chlorites and carbonates, from which hydrochloric and carbonic acids are evolved 
when sulphuric acid is poured on the bones, and which sweep away the hydrofluoric acid before it has 
time to corrode the glass. -He has oreney described a method of procedure which gets rid of the 
volatile bodies in question, but only at the risk of losing, in the liberal washings prescribed, much of the 
fluoride of calcium. It cannot be doubted that the acids which accompany the hydrofluoric, when sul- 
phuric acid is poured upon burned bones, dilute and carry away the body sought for. But Fourcroy 
and VavuQuELIN’s experiments, which were made by distilling bones with sulphuric acid in glass vessels, 
could have been but little affected by this source of fallacy; and Berzexivs’ successful results were 
obtained in the very same way. 

After trying DausEny’s process several times, I am constrained to acknowledge that I did not find 
it give any better results than the simpler one previously in use. If it be deemed requisite to get rid of 
the carbonic acid of bones before testing for fluorine, I believe it could be done most efficaciously by 
digesting them, after being burned and reduced to powder, in a solution of tartaric acid, and, after the 
whole carbonic acid had been expelled, drying up the mass. 

Regs, taking the opposite view from Dauseny, has endeavoured to prove that, where fluorine 
has been supposed to be present, it was in reality phosphoric acid that corroded the glass.§ He acknow- 
ledges, however, that this explanation applies only to those cases where the bones were distilled with 
sulphuric acid, and the product of distillation evaporated to dryness in glass vessels. He regards as un- 
exceptionable, experiments made with platina crucibles covered with waxed glass ; and as MIppDLETON’s, 
DavBENy’s, and my own trials were made in this way, and distinct corrosion or etching obtained, his 
suggestion must be considered as leaving the subject where it found it. 


* Chemical Society’s Memoirs, vol. ii., p. 100. t 
$ Memoirs of Chemical Society, vol. ii., p. 135. § Edin. Phil. Journal, vol. xxviii., p. 93. 
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quite sufficient in many cases, especially if we add to the food, the drink of ani- 
mals as a source of the ingredient in question. But when we find fossilized bones 
containing ten or fifteen per cent. of fluoride of calcium, whilst, at the same 
time, they have lost to a great extent their original structure, and have acquired 
a crystalline or mineralized one, it seems highly probable that Mr Mimp eton’s 
belief that water may have infiltrated that salt into them, will prove worthy of 
adoption. I cannot, however, agree with him in thinking, that it is enough to 
shew that water may bring fluoride of calcium to bones, to account for its accu- 
mulation in them. Water, as my own experiments prove, may carry away fluo- 
ride of calcium from osseous remains, as well as transport it tothem. We require 
to account for its detention in bones, as well as for its conveyance tothem. From 
an experiment made in the laboratory, as well as from their association in nature, 
I am inclined to think that there is a double phosphate of lime and fluoride of 
calcium, much less soluble than the latter salt is; and that the production of this 
compound fixes the fluoride, and prevents its abstraction by water. Further re- 
searches will decide this point. Till quantitative analyses of a considerable num- 
ber both of recent and fossil bones are made, as to the proportion of fluoride of 
calcium in them, it will be impossible to decide how far individual fossils which 
contain that salt are to be looked upon as coming under Lresic’s or MippLETOoN’s 
explanation, or as requiring, as many probably will do, a reference to both. 
Some, as already stated, may appear to have lost, instead of gaining, fluoride of 
calcium, during their entombment. 

Allusion was made, in the commencement of the paper, to the possibility of a 
conversion of fluoride of calcium into phosphate of lime having occurred. Few 
would more gladly see the idea of elemental transmutation realized by natural 
phenomenon or laboratory experiment than I should do. I can find nothing, 
however, to support it in the phenomena I have been discussing. : 

In conclusion, I would observe, that physiologists will doubtless now be 
tempted to speculate on the possibility of fluorine performing some essential 
function in living animals. Its occasional absence from their bones would not 
disprove that it may be necessary for the perfection of certain organs, though not 
for all. Quantitative analyses appear already to have indicated that the enamel 
of teeth contains more fluorine than any other part of the body. If that result 
shall be confirmed, we may suppose that, if fluorine be furnished when the deve- 
lopment of the teeth is proceeding, it may be wanting at other periods, without 
injury to the animal; just as chloride of sodium must be considered as essential 
to the healthy life of most creatures, though they may be deprived of it for long 
intervals, without death ensuing. 

The small quantity of fluorite found in living structures can be counted no 
argument against its occasional or constant importance. Quantity, is at best, 
but a rude measure of the value of an ingredient, in relation to the necessities 


164 DR WILSON ON THE SOLUTION OF FLUORIDE OF CALCIUM IN WATER. 


of an organism. The law of final causes, in truth, would indicate that only 
a minute proportion of fluorine should occur in any organ ; for it would be peril- 
ous to an animal to introduce into its system a large quantity of fluorides, which 
can so readily be changed into the deadly hydrofluoric acid. Such speculations, 
however, are premature. It will be time enough, when many qualitative, but 
especially quantitative, researches have been prosecuted, as to the presence of 
fluorine in animal structures, to consider of what service it is to them ; if it be 
of any. 


Epinsuran, April 4. 1846. 
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XVII.—Observations on the Principle of Vital Affinity, as illustrated by recent 
discoveries in Organic Chemistry. By Putreney Atison, M.D., 
F.R.S.E., Professor of the Practice of Medicine in the University of Edin- 
burgh. 


(Read, 2d February 1846.) 


Part L 


Tue most important steps in a science are those which lead most directly to 
the establishment of principles or laws peculiar to that science itself, and which 
constitute its claim to be regarded as a distinct branch of human knowledge. It 
has been long acknowledged that such is the character of many of those pheno- 
mena of living bodies which depend on mechanical movements, or changes of po- 
sition in their particles, and therefore that the laws of vital contractions are to 
be regarded as equally elementary and distinctive principles in physiology, as 
the laws of motion or of gravitation in natural philosophy. But a difficulty has 
been long felt, as to whether a similar claim to peculiarity of the principle on 
which they depend, can be urged for the chemical phenomena of living bodies. 

In laying down the first principles of Physiology and of Pathology, I have, 
however, uniformly maintained the existence of a power peculiar to living bodies, 
and to which the term Vital Affinity, as recommended by several authors, may 
be properly applied ;—a power by which “the elements of nutritious matter are 
thrown into the combinations necessary for forming the organic compounds, and 
restrained from entering into other combinations, to which they are prone as soon 
as life is extinct;—a power which supersedes and counteracts ordinary chemi- 
cal affinities in living bodies, as completely as vital contractions counteract gra- 
vitation or the inertia of matter.”—(Oudlines of Human Physiology, p. 22.) And 
in delivering lectures on physiology, I always expressed my belief that a time 
would come, when discoveries in the chemical department of the science,—connect- 
ing the ingesta of living bodies with the nourishment of their different textures, © 
and with the nature of the different excretions,—would elucidate the chemical 
changes which are continually going on in them, and are essential to their living 
state, as completely as the discovery of the circulation of the blood illustrated 
many of the conditions of the existence of living animals. It appears to me that 
this anticipation has been more nearly realized by recent chemical observations, 
than professed physiologists have yet admitted ;—that not only the existence of 
the principle of vital affinity has been established, but its limits and mode of 

VOL. XVI. PART II. 2T 


| 

| 

— 

| 

| 


= 


166 DR ALISON’S OBSERVATIONS ON 


action, the cases in which it acts, and those in which it is unconcerned, are to a 
certain degree defined ;—and that a short and general illustration of these points 
may be of some advantage, if not to the progress of the science, at least to the 
due appreciation, and proper generalization and expression of the knowledge 
which has been already acquired. | 

_ To shew the importance of this inquiry, I need do no more than quote a 
single sentence from Cuvier, with a statement which is nearly a commentary 
upon it by Professor WHEWELL. “It belongs to modern times to form a just 
classification of the vital phenomena; and upon the zeal and activity given to 
the task of analysing the forces which belong to. each organic element, depends, 
according to my judgment, the advancement of physiology.”* “ As the vital 
functions became better understood, it was seen more and more clearly at what 
precise points of the process it was necessary to assume a peculiar vital energy, 
and what sort of properties this energy must be conceived to possess. It was 
perceived when, and in what manner and degree, mechanical and chemical 
agencies were modified, overruled, or counteracted by agencies which must be hy- 
per-mechanical and hyper-chemical.” “ In attempts to obtain clear and scientific 
ideas of the vital forces, we have first to seek to understand the cause of change 
and motion in each function, so as to see at what points of the process peculiar 
causes come into play; and next, to endeavour to obtain some insight into the 
peculiar character and attributes of these causes.”’+ 

When we say that the chemical changes which take place in living bodies 
are elucidated, we mean, of course, that they are referred to general laws, by 
which the phenomena observed in this department of Nature are found, by expe- 
rience, to be regulated. And when we say that these are laws of vitality or. of 
vital action, we mean merely, that they are laws deduced from the observation 
of phenomena peculiar to the state of life,—taking for granted that it is always 
possible to describe, and practically to distinguish, those substances which we call 
living, from inorganic or dead matter; and that the only correct definition of 
vital principles or vital powers, is, that they are the laws or the powers which 
regulate the phenomena that are peculiar to the state of life. They are the gene- 
ral expression of the results of the observation, and generalization of the facts, 
which are observed in this department of nature, and which are ascertained to 
belong to this department alone. 

We are not, indeed, justified in asserting the existence of laws peculiar to 
the state of life, merely by the negative observation, that the phenomena referred 
to them are inexplicable by any known laws of inorganic or dead matter; we must 
have the positive observation that they are inconsistent with—that they take place 


* Hist. des Sciences Naturelles depuis 1789, p. 218. 
+ Philosophy of the Inductive Sciences, vol. ii., pp. 39 and 47. 
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in despite of—the laws which regulate the changes of dead matter. It is thus that 
we are led to ascribe the visible movements of living bodies to vital powers; not 
because we do not perceive how gravitation, elasticity, or any other known 
causes of movement in dead matter should produce them, but because we do 
perceive, that, in the circumstances in which we see these motions, all those 
principles, deduced from the observation of dead matter, would determine either 
rest, or motion in a different direction from that which really takes place. 

I formerly laid before this Society the grounds of an opinion, then much 
disputed, but now, I think, pretty generally admitted, that there are Attractions 
and Repulsions, as well as contractions, peculiar to the living state: chiefly, but 
not exclusively, observed at those parts where chemical changes are effected in 
living bodies, and connected with these changes; and, without reference to this 
general fact, I maintain that it is impossible to have a right understanding of 
many phenomena of essential importance in physiology and pathology.* 

But the general principle is obviously equally applicable to chemical changes 
as to mechanical movements. It is not, indeed, so easy to ascertain, in regard to 
chemical changes in living bodies, that they are truly inconsistent with the chemis- _ 
try of dead matter; the science must be allowed to make ‘some progress before 
this can be confidently asserted in regard to any individual chemical change; but 
no one can doubt that, as science advances, it must become possible to say with 
certainty, whether the chemical changes in living bodies are consistent with those 
laws which regulate chemical changes elsewhere, or not; 2. ¢., whether the same 
chemical elements can be so brought together by the chemist, as to tend to the 
same combinations as are found in living bodies; or whether, in his hands, they 
will enter uniformly into other combinations, and form different compounds. 

Farther, it appears to me that, even before any of the recent discoveries, it 
might be legitimately inferred from facts already known, that this last descrip- 
tion is truly applicable, in some cases, to the chemistry of living bodies. It was 
known, for example, that when water, impregnated with carbonic acid and with a 
small proportion of ammonia, is brought into contact with vegetable substances, in 
a certain stage of their existence, the elements of these bodies rapidly combine so 
as to form starch, albumen, and oil, which are added to the substance of the vege- 
tables,—that under no other circumstances can water, carbonic acid, and ammo- 
nia, or their elements, be made to form these compouds,—and farther, that after 
a time, when brought into contact, at the same temperature, with the same vege- 
table substance in an ulterior stage of its existence, they will form no such com- 


* Professor WuEwELL, in his instructive abstract of the general principles ascertained in Physio- 
logy, regards it as established, chiefly on the authority of MiituER, in regard to the vital force concerned 
in assimilation and secretion, that “ it has mechanical efficacy, producing motions, &c. But it exerts 
at the same point both an attraction and a repulsion, attracting matter on one side and repelling it on 
the other ; and in this it differs entirely from mechanical forces.-—Philosophy of Inductive Sciences, 
vol. ii., p. 51. See also Canpenter’s Manual of Physiology, § 597, et seq. 
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pounds, but will aid and participate in the successive changes to which vegetable 
matter is liable after the phenomena of its living state are over, and of which the 
ultimate result is, the resolution of that matter into its original constituents. 
And from these facts it seems quite reasonable to infer, that during the former, or 
what we call the living state of the vegetable, certain affinities peculiar to the 
living state—7. ¢., certain vital affinities—actuate the elements of which it is 
composed. 

In asserting the existence of vital affinities, we do not, in the first instance, 
give any opinion whether it is by the addition of certain chemical attractions, or 
by the suspension of others, during the living state, that the chemical changes 


peculiar to that state are effected; we assert nothing more than what is, as I 


think, correctly stated in the following sentence of Liesic :—“ The chemical 
forces in iiving bodies are subject to the invisible cause by which the forms of 
organs are produced.” ‘The chemical forces are subordinate to this cause of 
life, just as they are to electricity, heat, mechanical motion, and friction. By 
the influence of the latter forces, they suffer changes in their direction, an increase 
or diminution of their intensity, or @ complete cessation or reversal of their action. 

“ Such an influence, and no other, is exercised by the vital principle over the 
chemical forces.” | 

“ The equilibrium in the chemical attractions of the constituents of the food 
is disturbed by the vital principle, as we know it may be by many other causes. 
The union of its elements, so as to produce new combinations and forms, 


indicates the presence of a peculiar mode of attraction, and the existence of a power . 


distinct from all other powers of nature, viz., the vital principle.”—(Organic 
Chemistry, §c., pp. 355, 357). 

Tn these passages I think that Liepic has expressed himself with per- 
fect accuracy; but in other parts of his writings he uses language in regard 
to the nature and results of chemical changes in living bodies, which seems to 
me vague and speculative, and even inconsistent with what he had stated in the 
passages just quoted, ¢. g., when he says that “the ultimate causes of the differ- 
ent conditions of the vital force in nutrition, reproduction, muscular motion, &c., 
are chemical forces.” —(Organic Chemistry, p. 10). 

The following sentence by MULDER expresses the very same idea, although it 
might be thought, from the manner in which this author expresses himself against 
any introduction of the vital principle in this department of physiology, that he 
considers all the chemical changes in living structures to be referable to the same 
laws as in inorganic matter. 

“ By asmall organ of a plant @ force is exercised, exciting forces which slum- 
bered in the carbon, oxygen, and hydrogen, or rather modifying the forces which 
existed in these, so that 12 equivalents of carbon unite with 10 of hydrogen and 
10 of oxygen; and from 12 equivalents of carbonic acid (12C O,) and 10 of water 
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(10 HO) starch is produced, 12 C 10 H 10 O, 24 of oxygen passing off.” (Chemistry 
of Vegetable and Animal Physiology, p. 67).* 

But it is important to fix our attention, for a short time,on the instances 
adduced by Mu.pen, of the formation of starch, or some of its allied compounds, 
out of carbonic acid and water, by the combination of the carbon of the acid with 
the elements of water, and the expulsion of the oxygen of the acid ; because this 
is the grand and fundamental power, which must have been called into operation 
when organized structures were first created on earth, and on the continued 
exercise of which the existence of all such structures, vegetable and animal, is 
still essentially dependent ; and because the simplicity of the process makes it a fit 
case for considering the question, whether the power here named is strictly en- 
titled to the epithet vital; or whether, as some eminent physiologists in this 
country maintain, the idea expressed by that term is incorrect and unscientific. 

The opinion of those who oppose the doctrine of vital affinity, is thus dis- 
tinctly stated in the Anatomy of Drs QuaIn and SHARPEY: 

‘“‘ Although the products of chemical changes in living bodies for the most 
part differ from those appearing in the inorganic world, the difference is never- 
theless to be ascribed, not to a peculiar or exclusively vital affinity different from 
ordinary chemical affinity, but to common chemical affinity, operating in circum- 
stances or conditions which present themselves in living bodies only; and un- 
doubtedly the progress of chemistry is daily adding to the probability of this 
view.” 

I consider this to be a hasty and ill advised statement ; and to shew this, I 
request attention, jirst, to the perfect simplicity of the apparatus by which this 
change is effected. “In all plants,” says MULDER, “ there exists a small organ, 
of the most simple form, although employed by nature for the most varied pur- 
poses. It is a small filmy sac, a thin membrane, which encloses a small space, 
which it enables to communicate with the exterior space through invisible pores. 
These little sacs or cells are the chief organs of plants. A countless multitude 
of them, grouped together, forms the whole bulk of the plant, so that if every thing 
except the cells be destroyed, the shape and size of the plant are not in the least 
changed or diminished.” 

Into this simple apparatus in certain parts of plants, water, impregnated with 
carbonic acid, is introduced, while the plants exhibit the phenomena of life; and 


* In the foregoing and other translations from recent German writers, the word force is used in 
a sense which I think would be much better expressed by the term power or property, merely on this 
account, that the English word force, in physical discussions, has usually a precise and limited meaning 
assigned to it, as a cause capable of producing visible motion, and of which we have a measure, either 
in the velocity or in the quantity of motion which it can excite; whereas the term power or property, 
applied to any material substance, has a more general meaning, as simply the cause of change of any 
kind, and is therefore applicable where the result of the property ascribed to any substance may be very 
different from visible motion. 
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let us next observe the intensity of the action by which the carbonic acid is 
there decomposed, the carbon attached to the elements of the water, and the 
oxygen set free. ‘“ This is done by a power,” says Liesia, “ to which the strongest 
chemical action cannot be compared. The best idea of it may be formed by con- 
sidering, that it surpasses in power the strongest galvanic battery, by which we 
are not able to separate the oxygen from carbonic acid. The affinity of chlorine 
for hydrogen, and its power to decompose water, under the influence of light, and 
set its oxygen at liberty, cannot be considered as nearly equalling the power and 
energy with which a leaf, separated from a plant, decomposes the carbonic acid 
which it absorbs.”—Organic Chemistry, p. 134. 

Next let us observe the extent to which this energetic power is exercised by 
living plants. Perhaps the most accurate idea of it may be formed from attend- 
ing to the statement of THEopoRE DE SaussurE, that on a mean of 54 observations 
made in a country district, the proportion of carbonic acid in the atmosphere 
during the night was to its proportion in the day-time as 432 to 398, i. ¢., the 
carbonic acid existing in the atmosphere was found to be diminished very nearly 
10 per cent. in a few hours of every day; and for this diminution we know no 
cause, except that this power of the green parts of vegetables, of decomposing the 
carbonic acid of the atmosphere, is exercised only under the influence of light.* 

Now if a power of this extraordinary energy and extensive operation, and 
acting in so very simple a manner, were really to be regarded as depending 
only on ordinary chemical affinities, exerted under peculiar conditions, it might 
surely be expected, that the chemist might so regulate the conditions under which 
he might bring together carbonic acid, air, and water, as to exhibit some traces 
of this. power, and effect some decomposition of the carbonic acid and evolution 
of oxygen. But we know, not only that this cannot be done, but that when air, 
water, and carbonic acid, are introduced into the very same vegetable cells, with- 


in half an hour after they have exhibited this phenomenon, at the same spot, 


under the same light, and at the same temperature, they will not only fail to 
exhibit the same change, but will uniformly exhibit the very reverse, 7. ¢., the 
absorption of oxygen and the formation and evolution of carbonic acid. 

Nay, we know that it is only in certain cells of the living vegetable, that this 
peculiar chemical change, under the action of light, is effected ; the same fluid, 
introduced into cells composed of the same material in the parts of fructification, 
undergoes no such change; but, on the contrary, gives occasion only to the reverse 
process, the absorption of oxygen and evolution of carbonic acid.+} 

Then it is to be remembered, that this complete inversion of ordinary che- 
mical affinities, in the case of the living plant, is only one of several cases to 


* See Macaire’s Memoir of pe Saussure, in Edinburgh Philosophical Journal, vol. xL 
p: 31. (Jan. 1846,) 


+ TueoporeE pve Saussure, in Edinburgh Philosophical Journal, vol. xl. pp. 22, 23. 
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be afterwards noticed, where we see chemical compounds uniformly formed in 
living bodies, quite distinct from any that can be formed by the chemist from the 
same elements, and quite distinct from those to which the same elements uni- 
formly revert, after the phenomena of life are over. 

Lastly, we must remember, when we see this apparent inversion or altera- 
tion of the ordinary chemical relations of matter, taking place in the interior of 
living bodies, that in that scene, by the admission of all, matter comes under the 
dominion of mechanical laws, which operate in no other department of nature ; 
so that it is quite conformable to analogy to suppose that its chemical relations 
will undergo a similar modification. 

When all these considerations are duly weighed, I cannot perceive what fur- 
ther evidence can be required in order to justify the expression which I have 
quoted from LresiG, viz., that the ‘“ new combinations,’ as well as the forms, 
assumed by that matter which goes to the composition of organized beings, “ indi- 
cate the existence of a power distinct from all other powers of nature, viz., the 
vital principle ;” 4. ¢., that the vital principle regulates the changes of cheinical 
composition, as well as the changes of position which the particles of that matter 
undergo; which is more simply expressed by saying, that there are vital affinities 
as well as vital contractions and attractions. 

But even if we are to regard it as doubtful whether or not ordinary chemical 
affinities can determine, under any conditions, this decomposition of carbonic acid 
and evolution of oxygen by its contact with carbon and the elements of water, I 
maintain that it is sound philosophy, when we see this and other rapid and exten- 
sive and important chemical changes, essentially different from those which the 
same elements present under other circumstances, uniformly attending the pheno- 
mena of life in vegetables,—to investigate and generalize the laws by which these 
changes are regulated, as laws of living action, leaving it open to future inquirers, 
if they can, to resolve them into other laws of more general application. For 
although I acknowledge the force of the aphorism, “ Frustra fit per plura quod 
potest fieri per pauciora,” still I apprehend, that in every case to which this 
aphorism is applied, the potest fieri must be established, not by conjecture, but 
by experiment; otherwise we fall into the error, so strongly condemned by Bacon 
and others, of prematurely generalizing, and supposing the laws of nature to be 
fewer and more comprehensive than they really are. 


Having thus, in reference ta this first and simplest example, vindicated the 
soundness of the principle which I propose to illustrate, I think we may next 
shew, that the main object of inquiry in the chemical department of physiology 
is more simple and precise, and the extent of that inquiry, necessary to elucidate 
most questions in physiology, much less than might be supposed from the multi- 
plicity of details, of which what is called the science of organic chemistry is made 
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up. After what Lieic calls the “ peculiar mode of attraction” which operates in 
living bodies, has led to the formation of certain organic compounds, these com- 
pounds lose their connection with living bodies, become liable to an infinite 
number of changes and decompositions, and thus give origin to an infinite variety 
of substances—generally of temporary duration only, because retained in their 
form by attractions of no great intensity—applicable to many useful purposes, 
but foreign to the inquiries of the physiologist. He is concerned only with the 
chemical changes which take place in living bodies themselves, and during the state 
of life; and the results of recent inquiries seem to me sufficient to shew, that the 
fundamental and peculiar arrangements of chemical elements there observed are 
less numerous, and the laws regulating them more simple, than they have usually 
been thought. 


In considering this subject, we are enabled, by the results of the inquiries of 


geologists and physiologists, to revert to the period of the introduction of living 
bodies into the world, and reflect on the conditions then assigned for their exist- 
ence. We are justified, by reason, in allowing the imagination to fall back on 
the time when this Earth rolled through space an inanimate mass; and if any 
minds, besides that of the Great Ruler of the universe, were connected with it, they 
did not hold their connection through the medium of any organized structure. 
For I believe we are justified in laying down these propositions as established, 
first, That the simply physical arrangements of this globe were completed _be- 
fore any organised beings were created ; secondly, That vegetables were created 
and lived chiefly on the atmosphere, fixing large quantities of carbon from it on 
the earth’s surface, before animals were called into existence ; and, thirdly, That at 
whatever time their existence began, either the first living being of every species, 
vegetable and animal, or the first ovum from which that being was developed, 
must have been formed in a manner wholly different from that in which any 
living bodies, at least of the higher orders, are now reproduced ; 7. ¢., that they 
must have been formed in a manner strictly miraculous, and, of course, beyond 
the limits of physical science. 

But although we cannot ascend higher, in prosecuting this subject, than to 
inquire in what manner the first plants, or the germs of the first plants, were 
enabled so to act on the inorganic matter around them as to extract from it the 


- materials, first of their own growth and sustentation, and afterwards of all other 


organized beings,—yet in the inquiry, thus limited, important progress has been 
made. From the time when these nascent organized bodies sprung into existence, 
we must regard it as an ultimate fact, that they were endowed with the power, 
which all the vegetables that have succeeded them have exercised, of so modify- 
ing the attractions existing among the particles of matter, as to cause many of 
these particles from the air and the water immediately surrounding them, to 
enter into their substance, by their roots and leaves, or by the organs which soon 


f 
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became their roots and leaves, and then to arrange themselves there, in those 
peculiar forms by which the numberless species of the vegetable world are cha- 
racterized. I apprehend we must also regard it as an ultimate fact, that they 
were endowed with the power of so modifying the chemical relations of the ele- 
ments composing those absorbed matters, as to select and retain certain of these 
elements, and allow others to pass away from them, to decompose the carbonic 
acid, fix the carbon, and invest it with those peculiar affinities for the water, the 
hydrogen of the water, and a few other elements, contained in the surrounding 
media, by which all the proximate principles, first of vegetables and then of ani- 
mals, and therefore the whole substance of organized beings, are formed. 

But it is important to have a precise exposition, although not an explanation, 
of the power thus exercised by the first plants; and it is still more important 
and satisfactory to be able to shew how, by the exercise of these and analogous 
vital powers, the atmosphere must have been gradually changed, the propor- 
tion of carbonic acid in it diminished, and the proportion of oxygen increased ; 
how it became fitted, and is kept fitted, for the residence, first of cold-blooded and 
then of warm-blooded animals ; how most of the other conditions of existence of 
_ these animals have been, and still are, continually prepared for them by these 
living actions of vegetables ; how all the variety of the textures of all organized 
bodies, from the origin of vegetables to the death and decomposition of animals, 
are continually formed and maintained ; and how, in both divisions of organized 
beings, Nature has provided, not for the permanent existence, but for the deve- 
lopment and decay of successive generations of individuals, and thus for the per- 
petuation of the species. These are the subjects of investigation in the chemical 
department of physiology ; and if it can be shewn, that, by a few simple laws, 
regulating what we call vital attractions and affinities, 2. ¢., modifying, in organ- 
ized bodies, the attractions and affinities to which matter is everywhere liable, 


provision is made for all this succession and continual renewal of the phenomena 


of life; then, although we cannot explain the introduction of living beings into 
the world, any more than we can explain the dissemination of the stars through- 
out space,—although we must always regard the appearance of organized bodies 
on the earth’s surface as the clearest indication which human knowledge presents 
of the subjection of the universe, not only to general laws, but to an arbitrary 
Will, superior to these laws and changing them at pleasure,—yet I think it may be 
said that we have nearly as clear an insight into the designs and arrangements 


of Providence for the maintenance of living beings upon earth, and for the eternal 


reproduction of them there, so long as these laws shall be in force, as we have 
into those by which the movements of the heavenly bodies are directed and 
controlled. 

I. Our first business is to study the facts that have been ascertained in regard 


to the simplest form of chemical change to which the term vital may be applied, 
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which is merely the selection, by a portion of a living structure, of some one sub- 
stance existing in a fluid, and the consequent attraction of this to a particular 
part of the structure, while other materials, equally presented to that living part, 
are excluded. 

We need not here enter into the question, on which chemists and agricul- 
turists are not yet agreed, whether the nourishment of plants, in the present con- 
dition of the earth’s surface, does or does not require the pre-existence, in the soil, 
of organic compounds, resulting from previous living beings, which are absorbed 
from it. But we may justly give the name of vital attraction or affinity to 
that power by which certain saline matters, dissolved in the compound fluid 
which is absorbed, are retained in the substance of the plant, while others are 


_ returned to the soil. ‘ The experiments of MacarireE PRINCEP,” says LEIBIG, 


“ have shewn that plants, made to vegetate with their roots, first in a solution of 
acetate of lead, and then in rain-water, give back to the latter all the salt of lead 
which they had previously absorbed. Again, when a plant, freely exposed to the 


air, rain, and light, is sprinkled with a solution of nitrate of strontian, the salt is 


absorbed, but is again separated by the roots, and removed farther from them by 
every shower of rain, so that at last not a trace of it is to be found in the 
plant. A fir-tree, the ashes of which were analysed by a most accurate chemist, 
grew in Norway, on a soil to which common salt was conveyed in great quantity 
by rain-water. How did it happen that its ashes contained no appreciable quan- 
tity of salt, although we are certain that its roots must have absorbed it after 
every shower? We can explain this only by the observations above referred to, 
which have shewn that plants return to the soil all substances unnecessary to 
their own existence; and we are thus led to the conclusion that the alkaline bases, 
existing in the ashes of plants, must be necessary to their growth, since, if this 
were not the case, they would not be retained.” (Ib. p. 103, 4.) Another in- 
ference is at least equally obvious, that plants have the power of fixing and 
retaining within them, those matters which are suited or essential to their com- 
position; and this power we regard as the simplest form of vital affinity. It 


_ may be said, that the alkaline bases are thus fixed in plants, because they enter 


into combination with organic acids, and that, therefore, it is the formation of 
these acids, not the retention of the bases which combine with them, that is truly 
the vital change. But this does not apply to other saline matters contained in 
vegetables, which must have been taken up from the soil in the same state in 


‘which they are found in the plants, ¢. g., the phosphate of magnesia, which is 


“an invariable ingredient in the seeds of grasses ;”’ or the silica which is found 
in certain parts of various plants. | 

Were it not for this selecting and appropriating power, indicating a simple 
attraction of some parts of the vegetable for certain earthy or saline matters only, 
we should find some salts of alumina, as well as of lime or magnesia, in the ashes 


» 
¥ 


ges PRINCIPLE OF VITAL AFFINITY. : 175 


of almost all vequthlen tha earth existing in large quantity in all fertile soils, 
whereas it is “ very rarely found in the ashes of plants.” 

In the animal kindom the same power of simple selection and extraction is 
more fully exemplified, perhaps most strikingly in the development of many of 
the lower classes, of which the organization is simple, and the matters deposited 
from the nourishing fluid remarkably diversified, as in many of the radiata and 
mollusca, which have horny and earthy integuments. And in all animals, so far 
as any chemical change is effected in the vital actions of absorption, secretion, 
and even nutrition, it would appear to be chiefly of this simple kind, consist- 
ing in the selection and appropriation of compounds already existing in the 
fluids on which these functions are performed, not in the formation of new 
compounds. The chyme which is found in the intestines of an animal during 
digestion contains all the compounds (albuminous, fatty, and extractive matters) 
which are found in the chyle absorbed from it, although these are in a different 
state of aggregation, and associated also with other matters which are not ab- 
sorbed. Since it has been ascertained that the compounds which used to be 
thought peculiar to the greatest secretions in the body, the bile and the urine, 
pre-exist in the blood, and are only evolved at the liver and kidneys,—accumu- 
lating, therefore, in the blood, when the secretive action of these organs is sus- 
pended,—it has become obvious that the main office of these organs is not forma- 
tive, but only attractive, to extract from the blood compounds already existing 
there. And, although there is one material extensively employed in the forma- 
tion of animal textures, viz., gelatin, which cannot be detected in the blood; yet, 
as this is the only material so employed which cannot be found there, and as a 
substance very closely resembling it is found there under certain circumstances, 
we may assert that in animals by far the greater part of the act of nutrition, 
numerous and diversified as the compounds forming the solid materials of animal 
bodies may be, is likewise of this simple kind. 

We may consider, then, the selection and extraction, from a previously exist- 
ing compound fluid, by the agency of a previously existing compound solid, of 
certain portions of that fluid already elaborated, as a chemical action, essential 
to all living beings, and so peculiar to them that it may be, at least with high 
probability, termed an exercise of a vital affinity. And, in regard to this simplest 
kind of such action, the following points may be considered as ascertained :— 

1. It seems to be always performed, in the perfect vegetable or animal, by 
an agency, not of vessels, as was formerly supposed, capable of a vital contraction, 
and of changing the nature of their contents by the degrees of that contraction, 
but of cells, either pre-existing in the solid structure, or carried about in the 
nourishing fluid, and having the name of the globules or corpuscules of that 
fluid. Most of the textures seem to be formed by the gradual transforma- 
tion, elongation, or flattening of cells, which have sprung from nuclei at- 
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tached to previously existing cells; and it seems to be only by the successive 
formation, distension, rupture, and disappearance of cells, that secretions make 
their way into the excreting ducts of glands, or on the surface of membranes. 

The dependence of all living structures, and of all secretions, not simply on 
vascular action, by which nourishing fluids are circulated through them, but on 
cellular action, by which this nourishing fluid is changed, appropriated, and re- 
tained, or restored to the circulation, is the great step which has been recently 
gained in physiology by the use of the microscope; and seems to me to be one of 
the clearest proofs of the dependence of all vital phenomena, on peculiar attrac- 
tions and repulsions, actuating both solids and fluids, and causing motions in the 
latter,—not on any vital powers residing exclusively in solids. When it is stated, 
e. g. by Mr Paaet, that “the purpose to which the capillaries are habitually sub- 
servient, is only the passive one of conveying blood close to those parts of the 
body which either grow or secrete, and that it is proved that if a part be only 
able to imbibe the fluid portion of the blood from an adjacent vessel, it nourishes 
itself as completely, and after the same method, as one whose substance is 
traversed by numerous capillaries,”*— it becomes obvious that the movements of 
the fluid portion of the blood, whereby they are applied to growth and secretion, 
must be determined by causes quite distinct from the contractions of vessels. 

2. Living and growing cells, therefore, whether acting on: the nourishing 
fluid just taken into the system (as in the case of the intestinal villi, or the tufts 
of the placenta), or on the blood brought to them by the capillaries (as in the 
nutrition of the different textures), appear always to have two functions to per- 
form,—to extract from the nourishing fluid the matter of which they are them- 
selves composed, and to extract from it, likewise, the matter which is contained 
within them,—.¢., in the organs of secretion, the secreted fluids, and in the 
different solid textures, that additional matter which is always found, whether 
lignin, oil or fat, fibrinous, cartilaginous, or bony substance, in a granular or less 
definite form, incrusting the walls of the cells. It does not appear possible to 
explain what is distinctly seen in all these cases, without supposing that the pre- 
existing cells exert a peculiar attraction or affinity, both for the matter by which 
they are themselves to be nourished, and their successors to be reproduced,—and 
likewise for another matter, different in the different parts of the structure, by 
which they are to be filled or distended. And in the case of vegetables, there 
seems to be this general distinction between the two,--that the former is 4 
matter destitute of azote, and the latter one containing that element. 

3. The cell, growing always by attracting to itself a compound matter, 
existing in the fluid state, and giving it a simple increase of aggregation, the 
nature of the change which takes place as this matter becomes solid, is simply 


* Report in Forses’s Medical Review, July 1843. 
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consolidation, not precipitation, just as the fibrin of the blood, differing from the 
albumen only in its stronger (vital) tendency to aggregation, is consolidated in 
its compound form from the liquor sanguinis in the act of coagulation. And thus 
it happens that these organic solids possess (as was particularly noticed by Dr 
Prout) that peculiarity which, in the inorganic world, is observed only in fluids, 
that even the minutest portion of them contains the very same ingredients 
(whether earthy or saline, animal or vegetable matters) as is found in the whole 
mass. 

The absence of all crystalline arrangement, and the complex nature even of 
the smallest particle of an organized body, are the characteristics of matter | 
which has assumed the solid from the fluid form,—not by a chemical precipita- 
tion, or separation from matter formerly united to it, but by a vital attrac- 
tion, subjecting it to “the invisible cause by which the forms of organs are 
produced.” 

4. In the next place, we may inquire what difference exists among the cells 
in different parts of the same structure, to explain the great difference of the 
compounds which are deposited in them from the same nourishing fluid; and I 
apprehend, that, on this point, we must come to the same conclusion which 
Cuvrer drew from examining, throughout the animal kingdom, the structure of 
the different glands, the vessels entering them, and the ducts passing out of them, 
viz., that there is no difference of structure or of composition, corresponding, in 
the slightest degree, to the great difference of the products which appear. All 
cells, in the vegetable kingdom, appear to consist of the same matter, cellulose, 
and in the animal kingdom of the same matter, protein ; and in the first instance 
they are quite similar to one another. When we attend to the early stages of 
the existence of a living body, when the difference of textures is only beginning 
to appear, we find only that a fluid passing through similar capillary vessels, and 
effused into similar cells, in different paris of the structure, acquires different 
properties. And when we carry our inquiries farther back, and observe the first 
development of cells themselves out of the granular matter inclosed within the 
sac of the yolk, it appears obvious that the particles of this matter are attracted, 
not into cells already existing, but to points where cells are about to be formed. 
The facts known as to the evolution of the chick in ovo from the matter that 
lies in contact with the germinal membrane, sufficiently indicate that the powers 
which effect the separation of the different component parts of that matter, so as to 
form the beginning of the different textures and organs, reside, not in pre-existing 
cells of different composition or structure, but simply in different points of a 
pre-existing membrane, which, in the frst instance, is homogeneous. The expres- 
sion of Lrepig, that “ the chemical forces in living bodies are subject to the in- 
visible cause by which the forms of organs are produced,” when the action of that 
cause is duly considered, implies, that they are subject to a cause which un- 
doubtedly acts differently at different points of the same matter; but the differ- 
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ence of the action of which, at these points, is determined by no other condition, 
that we can see, than their position. 

This mode of limitation of the vital affinities by which the selection and ap- 
propriation of living matter is effected, is only a statement of fact, and the most 
general fact that has been ascertained; and it seems highly probable, that it will be 
found an ultimate fact, in this department of science. It may serve to familiarize 
our minds with this principle to observe, first, that it is precisely analogous to 
the principle which is now well established as a first truth in the physiology of 
the nervous system, that portions of nervous matter, precisely similar in structure 
and composition, have perfectly different endowments according to the anato- 
mical position which they occupy ; and, secondly, that the same principle seems 
distinctly exemplified in various cases of diseased action. The phenomena of 
inflammation, and especially the easy recurrence of inflammation once excited 
at any one spot in a living animal, indicate that certain vital attractions and 
affinities existing among the particles of the blood, and between them and the 
surrounding textures, are peculiarly modified, not merely ina particular manner, 
but exclusively at a particular spot. From the spot where it commences (e. 4., 
on a serous membrane), this alteration of vital actions extends, as from a centre, 
to parts that are contiguous to, although having no vascular connection with, 
that where it commenced, as we see in tracing it from one fold of the peritoneum 
to another. And when we examine the results of the inflammation in the dead 
body, we see what clearly shews the operation of a force, producing chemical 
changes of the kind we are now considering, but acting only at one part, and 

‘in one direction. “ The capillaries which have taken on the appearance of inflam- 
' mation, are all on one side of the fine membrane, and the serum and lymph, effu- 
sions from these vessels,” by which the diseased state is essentially characterized, 
“ are all on the other.”—(Goopsir, Anatomical and Pathological Observations, p. 43.) 

In saying that the fundamental property of chemical selection, essential to 
the growth of all living bodies, is strictly a vital property, we do not overlook the 
fact that various substances, composed of inanimate or inorganic matter, have 
likewise different powers of attraction for different elements or compounds 
brought into contact with them. It appears to be only by reference to this pro- 
perty, that we can explain the well-known phenomena of endosmose and ez- 
osmose, in which different fluids, brought in contact with a solid body, are 
attracted into its pores with very different degrees of force. It is not the nature 
of the process by which the selection, in the case of the living body, is effected ; 
but the peculiarities of the selections themselves, their great force, and yet uniformly 

temporary existence, that entitle us to regard them as indicating a vital property. 


II. But when we attend to the peculiar changes effected by living solids on 
the fluid matters which are brought in contact with them, we find that these are 
by no means confined to the selection and appropriation, at particular points, of 
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compounds pre-existing in that fluid; but that, under the influence of the living 
solid, transformations or new arrangements of the chemical elements take place, 
and new compounds are formed. 

In regard to the precise nature, or seat, of some of these transformations, 
there is considerable difficulty, but we are at present concerned only with the 
principle ; and may state in illustration of it, two cases of transformation, of 
which there is no doubt, the change from carbonic acid and water to starch in the 
cells of plants (oxygen escaping), and the change from starch to fat in the cells 
of animals (carbonic acid and water escaping). And that Iam correct in asserting 
that the organ which exercises this and other chemical powers in living plants is 
not only of the simplest construction, but of uniform construction, while the pro- 
ducts of its action are very various, will appear from the following statement by 
MULDER. 

“ Pure cellulose is easily obtained from the pith of the elder-tree, from very 
young roots, and from other young parts of plants. From these parts it is pre- 
pared by digesting them, after being minutely divided, with alcohol, ether, di- 
luted potash, hydrochloric acid, and water. In this manner, the starch, gum, 
fats, resins, vegetable eens, salts, sugar,—and at the same time the peculiar 
— matter are separa 

“ After the action of these solvents, and especially of the alkali, the cellulose, 
which was formerly solid and dense, appears in a spongy form. We may state 
as a fact, that the proper tissue of all plants which have been previously exposed 
to the influence of these solvents, leaves a substance which is identical in all of 
them, a substance which contains carbon and the elements of water.”—(Chemistry 
of Vegetable and Animal Physiology, pp. 188-195.) 

MULDER annexes to this statement a speculation in regard to the influence 
of forms in organized bodies, as affecting their chemical powers or properties, 
which, so far as I can understand it, I think fitted to convey an erroneous im- 
pression. 

“ One of the first and chief laws visible in organic nature is, that the form 
has as much influence on the character of the phenomena as the substance of 
which that form consists. The effects of the primary forces existing in the 
molecules, have become, by the combination of elements into hollow globules, 
altogether peculiar.” 

“ In organic nature, besides all the peculiarities existing in the carbon, hy- 
drogen, and oxygen, we must suppose, as a chief consequence of this, a tendency 
to form membranaceous, concave, spherical little bodies, in which, because of this 
form, new peculiar properties manifest themselves, which cannot be brought out 
by other forms. Thus, by matter and form, all that we observe in nature is, to 
a great extent determined.”—(Jbid., p. 189.) If by this it is meant that the acqui- 
sition of the form is the physical cause of the existence of the properties which 
cells, or any other organized structures present in the living state, two questions 


| 


180 | DR ALISON’S OBSERVATIONS ON 


immediately present themselves, first, How are the cells themselves formed (e. g. 
on the germinal membrane of the ovum) out of a matter which is originally with- 
out form, otherwise than by those very properties which are here ascribed to their 
existence? and, secondly, If the properties are dependent only on forms, why do 
they not exist in the dead state, when the forms are, in many instances, still per- 
fect? The enunciation of these questions seems to me sufficient to shew, that 
the correct expression of the state of our knowledge on this point is that already 
quoted from Lersie, that the chemical forces in living bodies are subject, not 
simply to an influence of forms, but to “ the invisible cause by which the forms of 
organs are produced,” i. e., that we must include under the head of vital properties, 
both the mechanical, or simply attractive power, by which cells or other organs 
are formed out of amorphous matter, and likewise the chemical powers with 
which these cells are endowed. | 

It is no objection to what has been stated, of the strictly vital nature of these 
chemical powers, to admit that their action is very often analogous to the principle 
to which the name catalysis is given by chemists, and which is exemplified likewise 
in the chemistry of inorganic compounds, where the combination of two sub- 
stances is determined by the presence of a third, which nevertheless takes no 
part in the combination itself; or that it is analogous to that disturbance of the 
equilibrum of chemical compounds, by which the fermentation of an organic com- 
pound is transferred to another in contact with it, although the changes in the 
two go on separately, and the compounds formed are different. It is quite true, 
that these modes of chemical action resemble and illustrate the manner in which 
living solids, themselves undergoing continual changes of composition, determine 
hew arrangements of the elements of the compound fluids which are brought 
in contact with them. But this analogy is far from being an explanation or 
resolution of the one phenomenon into the other. In the first place, the analogy 
is essentially defective; because although it is true that in any living being, 
already existing, different chemical compounds already exist in different parts of 
the structure, which may act in these modes 9n the nourishing fluid, and deter- 
mine distinct transformations of these at different parts; yet this does not apply, 
as already obseryed, to the first formation of each of the textures, at its appro- 
priate point, from a homogeneous semi-fluid matter. But farther, although we 
were to admit the analogy of all the chemical processes going on in living beings, 
to these forms of simply chemical action, we should not thereby be authorised to 
conclude that the vital processes have not that peculiarity which makes it in- 
cumbent on us to regard them as a separate class. We say that the decomposi- 
tion of carbonic acid, the combination of the e»rbon with the elements of water 


to form starch, and the evolution of the oxygez, is a vital action,—not because it — 


is a change different in kind from the decomposition of water and evolution of the 
hydrogen by iron and acid,—but simply because it indicates an affinity peculiar 
to the state of life ;—because in no other circumstances, when the elements of 
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water are brought into contact with carbonic acid, is any such decomposition 
effected. So also, although it is true that the presence of spongy platinum enables 
oxygen and hydrogen to unite and form water, or the presence of fermenting 
yeast enables sugar to undergo transformation into carbonic acid and alcohol, 
still these facts do not interfere with those essential peculiarities on which the 
doctrine of vital affinity depends, viz., that the presence of living cells composed 
of carbon and the elements of water, determines both the addition of new mat- 
ter. from a compound fluid, to those cells, and likewise the formation of other 
compounds within the cells, varying in different parts of the same structure,— 
all these compounds being different from any which the chemist can form out of 
the same elements, and different from those to which the same elements inevi- 


tably return, after the phenomena of life are over. The physical principle of | 


catalysis may be said to illustrate the transformations in living bodies, as that 
endosmose illustrates the selection and appropriation of chemical elements or 
compounds in living structures; but these principles, as exemplified in dead mat- 
ter, include none of the peculiarities of the vital chemical actions, and therefore 
furnish no explanation of them. 

The materials of which animal bodies are composed, have been now so gene- 
rally found to have been prepared for them by vegetables, that it has been rea- 
sonably doubted, whether any such power of decomposing the fluids presented to 
them, and forming new compounds, exists in animals. There are some cases, 
however, in which it appears certain that an action of this kind goes on in living 
animals, and that it is effected, as in vegetables, by an agency of cells. Thus, there 
is good evidence that, in the natural state, much of the bile which is discharged 
into the intestines from the liver is re-absorbed in its passage along the Prime 
Vie; yet it never appears in the chyle, nor, in the natural state, in the blood ; 
which seems to imply that it is decomposed, and its elements thrown into other 


combinations, in the course of the cellular action which attends the absorption of — 


chyle. 

In like manner, the formation of fatty compounds out of starch, or its kin- 
dred principles, as illustrated by the recent precise observations on the formation 
of wax by bees, and the formation of gelatine in the living animal, are undoubted 
instances of chemical transformations thus effected. The precise scene of these 
transformations is not yet ascertained, but we have strong reason from analogy 
to suppose that they are effected in the course of the circulation. And as we are 
certain that the greatest of all the chemical changes which are peculiar to living 
beings are effected within the cells of vegetables, it seems in the highest degree 
probable, that the corpuscles or cells (both red and white) which form so large a 
part of the blood of animals, are concerned in the chemical transformations which 
take place in blood; and therefore, that we are to regard organized and liv- 
ing cells as the agents or instruments employed by nature in effecting all those 
chemical changes which are peculiar to the state of life. And if we consider this 

XVI. PART I. 22 


—-e~ 


+ 


182 DR ALISON’S OBSERVATIONS ON 


principle as established, it goes far to explain several facts, long regarded as 
obscure, in regard to the structure and position of the lymphatic and lacteal ves- 
sels. We know that the mode of origin of these vessels gives time and opportu- 
nity for cellular action, (i. ¢., the development, growth, and rupture of cells.) 
and consequent chemical changes, at their extremities; we know that such 
cellular action does in fact go on there, particularly in the lacteals; and we know 
that the substances absorbed there, and probably elsewhere, by these vessels, are 
in fact altered, and so far assimilated, in the act of absorption ; as in the case, 


already mentioned, of bile absorbed from the intestines. Thus we are led to see 


the importance of these vessels being placed at all points where substances are to 
be absorbed, which are foreign to the animal economy, or require chemical change, 
in order that they may be introduced with safety or good effect. Hence, also, 
we see the use of the lymphatic glands, at which another opportunity for celluiar 
action, for chemical changes and assimilation, according to the observations of 
Mr Goopsir, is provided.* And this also enables us to understand a general fact, 


_ which, although disputed, I believe to be both true and important in pathology,— 


that a substance destined for excretion, but retained in the blood by reason of 
disease of its excreting gland (particularly the bile or urine), is more injurious 
than the same matter when secreted by the gland, but re-absorbed from a mucous 


surface, and consequently subjected to cellular action, and thereby to chemical 
change. | 


If. Another general fact appears to be sufficiently illustrated by observa- 
tions on the chemical changes in living bodies,—viz., That the vital properties by 
which these are effected are transferred from the portions of matter already pos- 
sessing them, to those other portions of matter which are either taken into their 
substance, or deposited in their immediate neighbourhood. It is, indeed, obvious, 
that if we are right in saying that living matter possesses these peculiar vital 
properties, the act of assimilation which we know to be continually going on in 
living bodies, is not merely the attraction and addition of new matter, but must 
include this transference of vital properties to the matter which is continually 
added to the existing solids. 

“ The force with which life is kept up,” says Professor WHEWELL, “ not only 
produces motion and chemical change, but also vitalizes the matter on which it 
acts, giving it the power of producing the same changes in other matter, and so on 
indefinitely. It not only circulates the particles of matter, but puts them in 4 
stream, of which the flow is development as well as movement.”—(Philosophy of 
Inductive Sciences, vol. ii., p. 52.) 

Several facts which are known in physiology and pathology, may be noticed 
as more special exemplifications of this principle. Thus, we know that vessels in 


* See Canpenter’s Manual of Physiology, § 493. 
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any part of the body communicate certain properties to the whole mass of blood 
which lies in contact with them, so as to modify or suspend for a long time the 
coagulation of such blood ;—that the blood which enters the vessels of any part 
where inflammation has been excited, has peculiar properties impressed on it, 
and even changes on its composition effected, merely by coming in contact with 
the portions of vessels where that process is going on, and with the portions of 
blood previously subjected to it;—that the exudation from inflamed vessels ac- 
quires peculiar properties from the contact with the living surface on which it 
lies, first arranging itself as an organized structure, and then selecting and appro- 
priating, from the neighbouring bloodvessels, those materials by which it is assi- 
milated to the texture with which it is connected ;—again, that, in the sound 
state, every portion of matter which is deposited from the bloodvessels, to form 
part of a muscle or of a nerve, immediately acquires the peculiar vital properties 
of the part which it nourishes; and, in the case of muscles, even that the change | 
produced in a portion of a fibre by the application of a stimulus, is instantly com- 
municated to the whole length of that fibre, and to many adjoining fibres. It 
appears to be nearly in the same manner that every portion of carbon and water 
which enters into the composition of any living vegetable cell, acquires the power 
of exerting the same vital affinities as actuated the matter which it replaces, or 
to which it is added. 


IV. Another principle, at least equally important and characteristic, may be 
stated in regard to this communication of vital properties to the materials which 
are added to living bodies, viz., That such powers are imparted only for a brief 
period of time, and that long before the time of the death of the structure to 
which they belong, all those materials lose the vital properties which have been 
given to them; perhaps, as has been lately stated, as a consequence of the ex- 
ercise of their peculiar vital powers, perhaps merely as a general law of vitality ; 
but equally, whether the peculiaz properties which they acquire in living bodies — 
are of the nature of nervous actions, vital contractions or attractions, or vital 
affinities. But as this principle is best illustrated by reference to the phenomena 
of excretions, we delay doing more than merely enunciating it at present. 


Having so far considered the general nature of the chemical changes which 
are peculiar to living bodies, and the kind of apparatus provided by nature for 
carrying on these changes, we may next take a more special view of the different 
chemical changes themselves, beginning with the greatest and most fundamental 
of all, the formation of the amylaceous matters by vegetables, acting on the water 
and carbonic acid with which they are supplied, both in the liquid form by their 
roots, and in the gaseous form by their leaves,—and the consequent evolution of 
oxygen. In regard to this grand function of living plants, the following facts 
seem the most important that have been ascertained. % 
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1. We see this change effected, in the present order of things, only by the 
agency of one of the amylaceous principles themselves, although the quantity of 
that pre-existent matter, in the case of the seeds of many vegetables, is exceed- 
ingly minute. We need not enter on the question how far, besides the pre-exist- 
ence of matter capable of forming cells, in the textures of the plant itself, previ- 
ously existing organized matter, in the dead state, is essential as part of the nu- 
triment of vegetables,—farther than to observe, that, as the seed of every plant 
contains a store of organic compounds already formed, there is certainly a strong 
presumption that a certain quantity of such compounds, formed by previous 
living processes, is highly useful, if not necessary, to the nourishment of vege- 
tables as well as animals. This, however, appears most important in the early 
period of the existence of plants, when their power of decomposing the carbo-— 
nic acid has not yet attained its full intensity. The evidence of the greater 
part of the nourishment of vegetables being from carbonic acid, water, and 
ammonia, applied to their leaves, or absorbed by their roots, is quite conclusive ; 
and when we consider that vegetables preceded the appearance of animals on 
earth, that the first vegetables (as is well observed by Liesie) were of the kind 
which depend least on their roots and most on their leaves for subsistence, and 
that the kinds of animals which first inhabited the earth, were those which con- 
sume the smallest quantity of oxygen, and can live, therefore, in air highly 
charged with carbonic acid,—it appears in the highest degree probable, that a 
gradual purification of the atmosphere by the agency of vegetables abstracting 
carbon, was a necessary prelude to the introduction of animals, especially of 
warm-blooded animals, into the world: and that the greater part of the carbon 
now existing in the soil on the earth’s surface, originally existed in the form of 


- earbonic acid in the atmosphere, and has been gradually fixed, and enabled to 


become the chief support of all living beings, by this vital affinity of vegetables, 
and of those tribes of the lowest marine animals, which have been found to pos- 
sess the same property, whereby carbon is separated from oxygen, and combined 
with the elements of water, to form the amylaceous matters. 

2. The dependence of the exercise of this property on the presence of light, 
and its connection (according to the statements of Dr Draper), not with the heat- 
ing portion of the rays, nor with those which effect other chemical changes, but 
simply with the luminous portion of the rays, shews distinctly that all living 
action on this globe is equally dependent on light as on heat, although it is, and 
may long be doubtful, in what manner the influence of light is exerted in pro- 
ducing this change; whether the theory long ago proposed by Sir H. Davy is 
admissible, that light enters into the composition of oxygen gas when disengaged 
from any solid or liquid compound containing it ; or whether the agency of light — 
may be better expressed by saying, that it is the necessary stimulus to that kind 
of vital action which leads to this primary transformation of the elements of 
which organized beings are composed. 
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3. It is unnecessary to enter here on the varieties of this amylaceous matter 
which are formed in different vegetables or parts of the same, the cellulose of 
which the cells are formed, the starch, the dextrin, the gum, the inuline, which are 
deposited in different species and in different parts. All these appear to have the 
same simple fundamental composition, consisting almost entirely of carbon with the 
elements of water, and all are formed out of the same compounds and by a 
vital affinity essentially the same; it may be partly owing to some imperceptible 
difference in the relative position of the ultimate atoms, partly to differences in 
the minute quantities of inorganic matter, and of other organic compounds not 
yet mentioned, which enter into their composition, that so many varieties are 
found, not only in these compounds themselves, but in the qualities which they 
present as found in different species of plants, and even in different individuals 
of the same species. In the case of a graft inserted on the stem of an individual, 


or even of a species, different from that which furnishes the shoot, we see thatthe — 


vital affinities of the particles composing the shoot are capable, not only of 
extracting from the nourishing fluid of the stock all the compounds required for 


its development, but of imparting to the living textures formed of those com- - 


pounds which they extract, all those peculiar properties of form, of colour, of 
smell, of roughness, smoothness, &c., by which species, and even individuals of 
the same species, are characterized. And when we consider these facts, 1 ap- 
prehend we must admit that, under the influence of the vital affinities which 
operate in the cells of living vegetables, much more minute differences of com- 
pounds are produced, than can be detected and explained by any chemical ana- 
_ lysis. 

4. An important question here is, whether the carbonic acid of the air is 
decomposed in the leaves where it is chiefly taken in, the amylaceous compounds 
immediately formed with the help of water, and the oxygen set at liberty, or 
whether that acid is taken into the juices of the plant, as we now know that 
oxygen is into the blood at the lungs, and gradually decomposed there, letting its 
oxygen escape gradually, and aiding in the formation of difierent compounds. 


besides the varieties of starch. That the latter is the more probable supposition | 


may be inferred, partly from the analogy of the action at the lungs of animals, 
but chiefly from the fact, that a separation of oxygen is equally required for the 
elaboration, which certainly takes places in vegetables, of other compounds, of 
_ the varieties of oil, and of protein, which are chiefly deposited in other parts of 
their structures. 

5. The relations of compounds of this class to sugar demand more special 
notice. It seems doubtful whether this is ever the first compound formed ; it ap- 
pears in the sap of various plants when the fluids from the soil are ascending and 
dissolving the starch which had been formed and stored up by the living actions 
of the preceding year ; it appears in almost exactly the same circumstances dur- 
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ing the germination of seeds, and in both these cases is useful as giving a 
greater degree of solubility to the starch whence it is formed. In both cases it 
disappears, and probably is converted into some of the varieties of starch, as the 
vital actions of the plant become more vigorous. Its composition, in its different 
varieties, as given by most analysts, Ci; Hi: Ou, or Cio Hic Oro, or even Cie Hy O,,, 
denotes that if it be formed from the starch, Cj: Hio O,0, it must be either by the 
addition of the elements of water, or by the abstraction of carbon ; and as its for- 
mation, during the germination of seeds, is attended with evolution of carbonic 
acid, it seems most probable that, in that case at least, it is formed in this last 
way, under the influence of the oxygen of the air. It appears again in the nec- 
taries of flowers, and in the ripening of fruits, as one of the latest results of the 
vital action of plants, in those parts of them which are fully exposed to air and 
light, but at a time when we may reasonably suppose that the vital affinities are 
becoming comparatively ineffective, and when carbonic acid is again evolved. It 
may be formed by the chemist from some of the varieties of starch by a kind of 
fermentation, excited by diastase, as in malting; or by a catalytic action of 
sulphuric acid; and it is formed from starch merely by the agency of cold, as 
in frozen potatoes, and from inuline merely by continued boiling in water; so 
that its formation from starch in vegetables seems to be most probably a simple 
chemical change, not the effect of a vital affinity. Farther, it is a compound 
which takes the crystalline form, essentially different from any form assumed 
by those parts of organized structures which exhibit truly vital phenomena, 
and retains its properties when exposed to air and water better than any of the 
matters of which organized forms are composed. From all these facts it may 
be inferred, with great probability, that sugar, as it appears in the living vege- 
table, is generally to be regarded as a first product of decomposition of starch, by 
the agency of water and of the oxygen of the air, which appears to be the 
great agent in the resolution of those compounds, which the vital affinities have 
built up. | 

6. On the other hand, the relation of starch and cellulose to the lignin, 
which forms the greater part of the solid matters of dicotyledonous plants seers 
to be nearly the reverse of their relation to sugar. This matter is always found 
incrusting, or incorporated with, the cells of vegetable textures; it gives them 
their solidity and strength, which all decompositions by chemical agents impair ; 
it cannot be formed from the compounds of starch by artificial means, but is 
formed from them in greatest quantity when the vital actions of plants are — 
strongest ; and its composition is always stated as differing from the amylaceous 
compounds by containing more carbon; and less oxygen, in proportion to the 
hydrogen, than exists in the composition of water; its formula being stated as 
Cyo Hes Os. This, therefore, would appear to be clearly the result of truly vital 
affinities, continuing to actuate the elements of starch, after the formation of the 
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starch from carbonic acid and water has been completed, and effecting a decom- 
position of part of the water, as well as of the carbonic acid, presented to the 
living vegetable. 

In studying this first and most striking of all the changes which are to be 
ascribed to vital affinities, it is especially necessary to understand the parts as- 


signed to Carbon and Oxygen; and, in taking this general view, we must regard © 


vegetables and animals as inseparably linked together, and look to the whole 
series of chemical changes which intervene between the origin of vegetables and 
the death and decomposition of animals. We must regard the carbon, originally 
existing in combination with oxygen in the atmosphere, in the proportion of one 
equivalent to two, as the great agent employed by Nature in the formation of the 
whole organized creation, insomuch that all organic chemistry may be said to be 
the chemistry of compounds of carbon.—(Gregory’s Chemistry, p. 241.) That it 
may fulfil this office it is invested with peculiar but temporary powers; it is se- 
parated at particular points and under certain conditions from the oxygen, and 
attaches itself to the elements of water, always present where vegetables grow, 
and so forms various compounds, beginning with the varieties of starch; in all 
which it is the principal ingredient. The compounds thus formed next attack and 
partially decompose the water and appropriate the hydrogen, thus causing a far- 
ther evolution of oxygen, and forming oil; and afterwards nitrogen, in small quan- 
tity, is introduced, and fresh transformations take place, by which the protein 
compounds are formed. All the solid structures of vegetables, and indeed of 
organized beings generally, are made up of these compounds of carbon, in which 
oxygen exists either in the proportion to hydrogen which forms water, or in a 
less proportion than that ; and the formation of these may be confidently ascribed 
to vital affinities. But it is easy to conceive that other compounds of carbon with 
hydrogen and oxygen will exist in plants in which the oxygen will be in larger 
proportion than this, without supposing oxygen from the air to be added ; because 
the vital affinities may not have been in sufficient force to separate the oxygen 
completely from its original union with carbon, and these, therefore, may be re- 
garded as compounds of carbon, water, and undecomposed carbonic acid. Such 
are the different organic acids (the citric 12C 8H 140=9C+8 HO+3CO., the 
malic 8C 6H 100=6C+6H0+2CO., the tartaric 8C 4H 100=5C+4HO 
+3 CO,, the oxalic 4C 2H 8 O=C+2HO+3 CO.) which are found in the juices 
of many vegetables, particularly in the immature state. | 


Again, it is always to be observed, not only that all organized bodies are — 


destined ultimately to revert to the water, carbonic acid, and ammonia, from 
which they were originally formed, but that, in the case of animals at least, there 
is a process always going on during the state of life, by which these same inor- 
ganic matters are continually evolved from the living frames. Therefore, we 
cannot be surprised to find that the fluids of all living animal bodies contain other 
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compounds, in which the characteristic predominance of carbon is not perceived ; 
because they are those which are formed in circumstances where the vital affini- 
ties are losing their power, and where a step has been made towards that final 
dissolution of organic compounds, when the oxygen is to resume its power over 
the carbon, and this is to revert, directly or indirectly, to the condition of car- 
bonic acid. This general principle as to the respective offices of carbon and oxy- 
gen in living bodies,—the one the main agent in nourishing and supporting living 
structures, the other in maintaining the excretions by which these structures are 
continually restored to the inorganic world,—we shall find to be applicable, not 
only to the excretion of carbonic acid and water by the skin and lungs, as com- 
pared with the amylaceous compounds taken into animal bodies, but likewise 
to the excretions by the liver and kidneys, as compared with the two other 
great constituents of the food of animals, viz., the oily and the albuminous sub- 
stances. 

Oxygen, in its elementary state, although indispensable to all living action, 
—although a condition of vitality equally universal as heat,—yet hardly enters, 
if it enters at all, into any of the combinations which are due to the vital affini- 
ties. Although taken into the interior of every living being, it appears to com- 
port itself there almost, if not entirely, as it does in acting on dead matter. The 
expression of Liepic, that the action of the oxygen of the air in living bodies is des- 
tructive, is perhaps fitted to convey an erroneous idea, but we are certain that its 
chief, if not its sole, action in the animal economy, is on those portions of matter 
which have novital properties; either because they are redundant,—not required for 
the nourishment of the tissues,—or because they have been re-absorbed from them, 
having lost their vital affinities; and with these it unites, only to carry them off 
in the excretions, particularly in the great excretion by the lungs. We now know 
that the speculation as to the connection of the oxygen of the air with vital 
action, long and ably maintained by the late Mr ELLIs, viz., that its sole use is to 
dissolve and carry off excreted carbon, and therefore that in the bodies of animals 
it goes no farther than the lungs, was erroneous; but we may assert with much 
confidence, that it goes no farther than the circulating blood; and that, although 
its action there is essential to all the metamorphoses which are there accom- 
plished, yet all the combinations into which it actually enters, are destined to 
immediate separation from the living body,—being, in fact, the media by which 
all living bodies, at all periods of their existence, are continually resolving them- 
_ selves into the inanimate elements from which they sprung. This principle will 
be better illustrated, however, by a review of the leading facts lately ascertained 


as to the formation of the other compounds peculiar to organized bodies, and the 
excretions of animals. 


Epinsvuren, April 1846. 
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XVIII.— Account of some Experiments on the Temperature of the Earth at different 
Depths, and in different Soils, near Edinburgh. By James D. Fores, Esq., 
F.R.S., Sec. R.S. Ed., &ce. Corresponding Member of the Institute of France, 
and Professor of Natural Philosophy in the University of Edinburgh. 


1. History of the Observations. 


THE proper temperature of our globe is a question which, formerly aban- 
doned to speculation and hypothesis, has only lately been made the subject of 
direct experiment. Preliminary to it, and intimately connected with it, is an- 
other inquiry of great interest, namely, What is the thermometric effect of the 
whole solar heat which falls in a year on the surface of the globe? How much is 
transmitted to the interior? How much dissipated at the surface? To what 
depth does the influence of the seasons extend, and in what manner is that in- 
fluence modified at different depths? It is impossible to say to how many curious 
and important inquiries a solution of these preliminary questions may lead the 
way; and it is to them that our attention is at present to be confined. We shall 
not speak, except incidentally, of the absolute heat of the interior of the globe; 
we shall only discuss the modifications of the solar heating influence near its 
surface. 

This inquiry was perhaps first agitated by the illustrious LAMBERT, a ma- 
_ thematical philosopher of Germany, who yields, in originality, in comprehensive- 
ness of mind, and in the successful application of mathematics to a wide range of 
important physical subjects, to very few of his contemporaries or successors. 
His experiments were made by M. Ort, a merchant at Zurich, who had a conve- 
nient garden for introducing the thermometers.* 

Having claimed for Lampert the first systematic inquiry on this subject (for 
the previous essays of MArioTTE and Hates could not lead to any exact conclu- 
sions), I shall not trace the subsequent history of the problem, which is fully stated 
in M. QuETELET’s papers, in the Transactions of the Brussels Academy for 1836 
and 1840, and in the Annales de Observatoire de Bruzelles, tome iv. (1845). 
Such observations were made by HERRENSCHNEIDER, at Strasbourg; MUNCKE, at 
Heidelberg; by Leste, at Raith, near Edinburgh; by Araco, at Paris; by QuE- 
TELET, at Brussels; and by RupBere, at Upsala. As it does not appear, that, in 
making or discussing these observations, regard has been had to the influence of 


* Lampert, Pyrometrie, 4to, 1779, page 356. 
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a peculiar character of the soil or rock whose temperature was observed, it oc- 
curred to me, several years ago, to make several series of observations, under cir. 
cumstances as exactly similar as possible, with the exception of the nature of the 
soil or rock. The neighbourhood of Edinburgh, from its variety of geological cha- 
racter, offered peculiar facilities for this purpose; and the British Association, at 
my request, undertook the expense of providing and inserting thermometers in 
three different positions, at depths corresponding to those already employed at 
Brussels, namely, 3, 6, 12, and 24 french feet below the surface. The results have 
already been partly published in the Proceedings of the British Association, and 
of the Royal Society of Edinburgh. Deeming it advisable that the curves contain- 
ing the details of the observations should be published at large, I requested _per- 
mission from the Committee of Recommendations of the British Association, in 
1845, to communicate them, for this purpose, to one of the Royal Societies; and 
the Council of the Royal Society of Edinburgh having agreed to be at the neces- 
sary expense of the plates, I am enabled to present the results in their present 
complete form, and founded upon five years’ observations. 


II. Lestie’s Observations at Abbotshall, in Fife. 


I shall here reproduce the particulars of the observations of the temperature 
of the ground at Abbotshall, in Fifeshire, on the property of Raith, close to the 
town of Kirkcaldy. The distance from Edinburgh is sufficiently small (11 miles 
in aright line) to render these observations comparable with ours; but I quote 
them more particularly, because those who have hitherto made use of them, being 
unaware of the original account published by Sir Joun LEsLiz,* have made almost 
every possible mistake as to the locality, circumstances, and depths of these ob- 
servations. It will be seen that they were made by Mr Fercuson of Raith’s 
gardener. The following extract contains all the important details. 

“ In order to throw distinct light on a subject so curious and important,. Ro- 
BERT FERGUSON, Esq. of Raith, a gentleman whose elegant mind is imbued with 
the love of science, caused, lately, a series of large mercurial thermometers, with 
stems of unusual length, to be planted in his spacious garden at Abbotshall, about 
50 feet above the level of the sea, and nearly a mile from the shore of Kirkcaldy, 
in latitude 56° 10’. The main part of each stem having a very narrow bore, had 
a piece of wider tube joined above it; and, to support the internal pressure of the 
column of mercury, the bulbs were formed of thick cylinders. The instruments, 
inclosed for protection in wooden cases, were then sunk beside each other to the 
depths of one, two, four, and eight feet below the surface, in a soft gravelly soil, 
which turns, at four feet, into quicksand, or a bed of sand and water. These 
thermometers were carefully observed from time to time by Mr CuarLes Norval, 


* Supplement to the 6th edition of the Encyclopedia Britannica, article CLumaTe, incorporated in 
the 7th edition. 
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the very intelligent gardener at Raith; and we have now before us a register of 

their variations for nearly three years. It thence appears, that, in this climate, 

and on naked soil, the frost seldom or never penetrates one foot into the ground.” 
* * * * * * 

“ These observations are quite satisfactory, and exhibit very clearly the slow 
progress by which the impressions of heat or cold penetrate into the ground. It 
will not be far from the truth to estimate the rate of this penetration at an inch 
every day. The thermometers hence attained their maximum at different periods, 
though in a tolerably regular succession. The mean temperature of the ground, 
however, seemed rather to increase with the depth; but this anomaly has evi- 
dentl; proceeded from the coldness of the two last summers, and particularly that 
of 1816, which occasioned such late harvests and scanty crops. Thus, the ther- 
mometer of one foot indicated the medium heat of only 43°°8 during the whole of 
the year 1816. But it will be satisfactory to exhibit the leading facts in a tabu- 
lar form. The following are the mean results for each month, only those for De- — 
cember 1817 are supplied from the corresponding month in 1815. 


TABLE I. LESLIE’s OBSERVATIONS. 


1816 1817. 

1 Foot. | 2 Feet. | 4 Feet. | 8 Feet. | 1 Foot. | 2 Feet. | 4 Feet. | 8 Feet. 
33°0 | 36°3 | 40°7 | 43°0 | 35°6 | 38°7 | 40°56 | 45™1 
ONION bxctiesacsctee’ 33°7 | 36°0 | 39-0 | 42-0 | 37°0 | 40°0 | 41-6 | 42°7 
35°0 | 36°7 | | 42°3 | 39°4 | 40-2 | 41°7 | 
39-7 | 38°4 | 41°4 | 43°8 | 45:0 | 42°4 | 42-6 | 
44°0 | 43-4 | 44°0 | 46°8 | 44-7 | 44-6 | 44-2 
51-6 | 50°0 | 47:1 | 445°8 5i-1 | 49°4 | 47-6 | 47-8 
62-5.) 50°4 | 47°7 | 55-2 | 55-0 | 51-4 | 49 6 
50°0 52°65 | 50°6 49-4 | 53°4 53-9 | 52 0 | 50-0 
September .............. 51°6 | 61°3 , 51-8 | 50-0 | 53-0 | 52°7 | 52-0 | 50-7 
49°3 49-7 | 49-6 | 45-7 | 49-4} 49-4 | 49°8 
November..............- 40-8 | 43°38 | 46°3 | 45°6 | | 44-7 | 47°0 | 47°6 
Decomber...........000. 35°7 | 40-0 | 43-0 | 46-0 | 37°9 | 40-8 | 44°9 | 46-4 
Mean of whole Year | 43°8 | 44°1 | 45°1 | 46°0 | 44:9 | 45°9 | 46°2 | 46-6 


“If the thermometers had been sunk considerably deeper, they would, no 
doubt, have indicated a mean temperature of 47°7. Such is the permanent tem- 
perature of a copious spring which flows at a short distance, and about the same — 


elevation, from the side of a basaltic or greenstone rock.” 


I had intended to have engraved the curves of the course of temperature from 
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1816 to 1821, which I find preserved in the Natural Philosophy Collection; but 
my inquiries led me to discover that most of these curves had already appeared 
in the 4th volume of ConsTaBLe’s Edinburgh Magazine for 1819, where they have 
remained apparently quite unknown to scientific men, together with the details 
of the observations on which they were founded, from May 1815 to March 1819, 
and an explanatory article, which I understand was written by Mr Georcr Bv- 
CHANAN, Civil-engineer. These observations, particularly at the commencement, 
were not made with great regularity, sometimes only a single observation being 
made in a month, at other times as many as eight. Indeed, they have not ap- 
peared to me to be worth reprinting at length; but I have condensed into the fol- 
lowing Table the information which they contain, shewing the mean monthly tem- 
perature, at different depths, for nearly four complete years. 


TABLE IJ. MEAN RESULTS OF LESLIE’S OBSERVATIONS. 


1815-19. 

1 Foot. 2 Feet. 4 Feet. 8 Feet. 
35 36 40 6 42°5 
38 38 41-0 42-1 
45°5 45°3 45-3 44-4 
June 54 °5 52-4 49-1 46 ‘9 
57 +2 54 °8 51-9 48 
August 54 °9 54 °8 §2°3 50 °3 
September.............. 53 53 52-1 51-0 
47 49 °5 50 -0 50 
42-9 45°3 47 48 
December .............. 37 °5 40 °8 43 ‘8 46 


II}. Construction of the Instruments. 


™n commencing the observations at Edinburgh, it was determined that the 
thermometers should consist of three sets of four each, the lengths increasing in 
geometrical progression, and the localities being fixed so as to embrace within a 
small radius, as great a variety of soil as possible. As the deepest thermometers 
were to be sunk to a depth of 24 French feet (25°6 English), and the portion of the 
tube, including a column sufficiently long to register the variations of temperature 
of the fluid which filled the ball (alcohol), must project a foot or two above the 
surface, the construction, graduation, and depositing of such unwieldy instru- 
ments, were attended with no small practical difficulty. The execution of the 
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whole was entrusted to Mr Apre, to whose experience and skill I am greatly 
indebted for the completion of the whole without any material accident. 

For the larger thermometers it is of great consequence that as little liquid 
as possible should be contained in the stem of the instruments, otherwise the 
apparent expansion of the column will depend greatly upon the variable tem- 
perature of the different parts of the stem, as well as on that of the level. This 
correction being difficult to apply with mathematical exactness, it was desirable 
to make it as small as possible (although it would be unwise to overlook the 
correction altogether, as most observers have done). I accordingly had twelve 
tubes drawn, each of about 26 feet in length; of the external thickness nearly of 
a common barometer tube (about haif-an-inch), but whose internal diameter 
was nearly capillary. These were carefully examined throughout, by means of a 
column of mercury passed through them. 

The proportional numbers, representing the calibre of the tubes, were en- 
tered in a table now before me, corresponding to every foot of their length; and 
_ the tubes were numbered, so that the degree of uniformity of any portion could 
at any time be ascertained. From these tubes twelve lengths were cut from the 
most uniform parts, amounting altogether to about 144 feet, for the construction 
of the three sets of thermometers. | 

It is to be understood that the capillary tube now spoken of was made with 
_ a view to reach the surface of the ground, above which the tube should expand 
into one having degrees of a convenient length. So small, indeed, was the stem 
compared to the bulb, that a degree of Fahrenheit in the capillary tube would 
have occupied, in oné case, a space not less than 51 inches long. The wide tube 
to which the scale was attached, had a bore of about ys inch, and was made long 
enough to include the expected range of temperature at their respective depths. 
These ranges were, however, in some cases rather under-rated. 

The bulbs were cylindrical, and varied in size from about 6 to 8 inches long, 
and 14 or 24 wide. They were blown at the glass-house separately from the 
tubes. The deepest thermometers had the largest bulbs and longest degrees, be- 
cause the required range was less. 

From the length and fineness of the tubes much trouble would have been 
experienced in filling the thermometers in the usual way. The lower end of the 
cylindric bulb was, therefore, drawn out into a tube, by which the liquid (freshly 


boiled alcohol, slightly coloured) was admitted, and it was drawn in by the action — 


of a syringe fixed at the extremity of the long stem. Both ends were then closed 
in the usual way, an expansion being left at the top as in common alcohol ther- 
mometers, but most necessary in this case, in order to allow for the changes of 
temperature to which the instruments were exposed before sinking them in the 
ground. 
The graduation was one of the most delicate parts of the construction. The 
VOL. XVI. PART II. 3c 
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instruments were suspended during winter in a staircase, with their bulbs in 
water, and the temperature of the air surrounding the stems was carefully noted, 
and a correction applied for any difference between it and that of the water. The 
staircase was artificially heated through a few degrees, and after being left for a 
night, a second point was fixed. The temperatures of the water were determined 
by the mean of three standard thermometers, which. agreed extremely closely 
indeed, when the error of their freezing points was corrected. The first was a 
standard by Trovcuton and Sums, belonging to and corrected by myself.* The 
second was a standard constructed by Mr Apre for the Royal Society of Edin- 
burgh; and the third a standard having very long degrees, constructed by Mr 
Apté for his own use. The first pair of observations were made by Mr Apir 
senior alone, and scratches marked on the tubes at temperatures corresponding 
to 41°73 and 50°77 by the mean of the standard thermometers. To verify these 
results I made two additional comparisons with the assistance of Mr ALEXANDER 
ApIE junior, at temperatures 41°97 and 46°42, which agreed by interpolation 
remarkably closely with those of the first experiment, considering the difficulties 
of the observation. In only one case (the 13 feet thermometer for the Experi- 
mental Garden), was the difference at all considerable. A mean result was 
adopted. The length of 1° in the 24 and 12 feet thermometers being from 1 to 
2 inches, and divided into 20ths, 1+v can be easily read by estimation. In the 
others the approximation is less.t- 


IV. Localities—Sinking of Thermometers. 
Whilst the preparation of the thermometers was going forward, I had holes 
prepared for inserting them in the positions already fixed on with reference to 
the geological peculiarities of the soil. These were— 

1. In the Observatory enclosure on the Calton Hill, at a height of 350 feet 
above the sea. The rock is a porphyritic trap, with a somewhat earthy basis, 
dull and tough fracture. The exact position is a few yards east of the little 
transit-house. There are also other buildings in the neighbourhood. The ground 
rises slightly to the east, and falls abruptly to the west at a distance of about 
15 yards. The immediate surface is flat, partly covered with grass, partly with 
gravel. 


* Philosophical miesieieai 1836, p. 577. 
+ More lately Mr Apre has constructed two sets of thermometers resembling these, one, extend- 
_ ing to 24 French feet for Greenwich Observatory ; the other, including only the 12 feet thermometer, 
for Mr Catpgcort of Trevandrum in India. Both of these sets of instruments were fortunately trans- 
ported to their destinations without any accident. The graduation of the Greenwich instruments was 
performed by myself, and a much larger number of points fixed than above described. The result was 
examined, and the scale determined, by a simple method of graphical projection and interpolation, 
which led to the most satisfactory results ; I should, therefore, recommend this method to others under- 
taking the same tedious and difficult operation. 


. 
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2. In the Experimental Garden, adjoining the Royal Botanic Garden at In- 
verleith, almost exactly 1 mile NW. of the Observatory, and 280 feet lower, being 
about 70 feet above the sea. The soil here is a remarkably pure sand, resembling 
sea-sand, extending to a great depth, and including few pebbles of any size. The 
precise locality was the flat summit of the rising ground, immediately to the 
south of the large building or show-room in the Garden. The perforation of the 
sand was exceedingly easy, owing to the uniformity and dryness of the strata. 
The four thermometers were inserted in three boxes, near to one another, the two 
shortest thermometers being placed together in the same hole. The surface is 
garden mould, whereas, at the Observatory and Craigleith, it is covered with ve- 
getation (in the former case interrupted by buildings and gravel walks). This 
circumstance may not be without some effect. Sir Joun Lesiie has observed* that 
cold penetrates deeper through bare soil, or compact pavement, than through turf. 

3. At Craigleith quarry, 2} miles west from the Observatory, in a mass of 
coal formation sandstone, which has for many years afforded an abundant and 


durable building material for the city of Edinburgh. The spot chosen was situ- 


ated in a field 50 yards north of the house called Craigleith Hill, immediately to 
the east of the quarry, and about 75 yards distant from its north escarpment. 
. The field was under grass during the first two or three years of the observations, 
afterwards under crop. The height above the sea is about 150 feet. The ther- 
mometers were inserted here, as at the Observatory, in one hole, six or seven 
inches in diameter at the top, and three at the bottom, which it required several 
weeks to form with boring-irons in the usual manner. When the hole was 
empty some water always flowed into it, and stood at a certain height, however 
often removed. | 

The insertion of the thermometers into the holes required the greatest pre- 
caution ; the length and flexibility of the stems of the longest exposing them to 
great risk of casualty. The operation was managed in the following manner. A 
strong tripod, 12 or 15 feet high, was erected over the hole, and a ladder still 
longer attached it, so that a man ascending it could command completely the 
upper part of the instrument. The tube lay in the angle formed by two united 
pieces of wood, similar to a roof gutter, where it was secured by loops of string. 
Being raised, with this defence, into an erect position directly over the hole, the 
loops were successively cut, and the thermometer allowed to slip from the wooden 
shield, and to sink to the required depth. Dry sand was then poured in to half 
the depth of the hole. The second thermometer was then similarly planted, and 
so of the others ; the aperture being well closed round the tubes with clay puddle.+ 


* Encyc. Brit., Article 


+ Subsequently (May 1838), a quantity of Roman cement was employed to secure completely the 
opening of the holes. 
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Strong wooden boxes painted green, having doors open to the north side, were 
then firmly fixed over the projecting stems, which boxes were afterwards pierced 
with holes, in order to secure a free ventilation. Small thermometers graduated 
to whole degrees were hung in air within the boxes; and afterwards (May 1838) 


other thermometers were placed with their bulbs just covered by the soil within the 


boxes. These last thermometers are referred to in the tables as ¢;. After the in- 
struments were finally placed, slight metal scales were attached to the respective 
tubes with fine copper wire. I should add that, for the defence of the bulbs and 
the capillary tubes, at their inferior extremities, before mentioned, they were half 
inserted into tin cylindrical boxes filled up with plaster of Paris. 

I had hoped to have commenced the observations with 1st January 1837; 
the unexpected difficulty experienced in boring the holes, and subsequently the 
severe weather, prevented the insertion of the thermometers before the 18th Jan- 
uary in the Experimental Garden, the 20th on the Calton Hill, and the 21st at 
Craigleith Quarry ; the whole was happily accomplished without the slightest ac- 
cident. In all my arrangements, I was aided by the civility of the Directors of . 
the Astronomical Institution and of the Experimental Garden, by the astronomer 
Mr HenpDeErson, and other official persons. 


V. Observations and Observers. 


Not the least of the difficulties of carrying on such observations as the pre- 
sent has ever been found to be, that of getting perfectly trustworthy and zealous 
observers. In this matter I esteem myself particularly fortunate. Professor 
HENDERSON undertook, in the kindest manner, the personal superintendence of 
the thermometer placed on the Calton Hill in the Observatory grounds. At the 
Experimental Garden I received the services of Mr James M‘Nas, the superin- 
tendent.; and at Craigleith, those of Mr Mackinrosu, whose official connection 
with the quarry ensures his constant residence. The observations were made 
weekly, and were registered in degrees and hundredths of Fahrenheit’s scale (by 
approximation). The general superintendence which I have been able to give, 
assured me that all the observations were made, not only with fidelity, but with- 
out any sensible error arising from want of familiarity of two of the observers 
with instruments so minutely divided. And, were other proofs wanting, fortu- 
nately the ultimate projection and comparison of the three sets of observations 
affords the most perfect check upon any considerable inaccuracy, either in the 
observations or computations. 

With a view to check any permanent change in the reading of the instru- 
ments, such as might arise from a permanent displacement of the freezing point, 
I had a spirit thermometer constructed with a bulb similar to those buried, with 
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a view to its occasional verification ; the freezing point being accurately ascer- 
tained. Nine years after (January 1846), this instrument being re-examined, 
shewed no appreciable change in the position of the zero point. It could not 
have amounted to ss of a degree. A common thermometer would have altered 
appreciably under similar circumstances. Is not this owing to the strength of the 
glass bulb ? 

The permanent influence of the pressure of sand in the holes was suggested 
to me as a possible source of a change of figure of the instruments ; but the con- 
clusive experiments lately made in America and France on the pressure of sand, 
convinced me that this could have no appreciable influence. 

The observations were made weekly ; generally on Mondays. As it was com- 
monly supposed that the diurnal variations of the temperature disappear at the 
depth of three feet, I did not take particular precautions to have all the obser- 
vations made at the same hour. I find, however, that, at the Observatory, the 
readings were taken immediately after noon, at the Experimental Garden, about 
2 o'clock, at Craigleith Quarry, regularly between 11 and 12 o’clock.. The later 
hour of the second series may account for some irregularities observable. The 
observations, at all the stations, were made regularly from February 1837 down 
to May 1842, about which time, the thermometers at Craigleith were maliciously 
destroyed ; but these five years of complete observations have yielded all the results 
which were looked for in commencing them. The boxes covering the thermome- 
ters, in the Experimental Garden, were blown over in the winter 1844-5, crushing 
the thermometers. Those at the Observatory still remain in good order, and are 
regularly observed. The numbers, from the original registers, are exactly given 
_ inthe table at end of this paper, together withthe corrections applied to them, in 
the manner to be described in the next section. It is not to be supposed that the 
registers are without some errors, at least, in the case of the two less experienced 
observers (at Experimental Garden and Craigleith) ; but they are only oversights 
of the eye or hand, which can affect none of the conclusions, as the admirable coin- 
cidence of the three independent series, in Plate VII., sufficiently proves. 

The following table contains the data necessary to be known, respecting the 
scales and dimensions of the thermometers, for correcting the temperature of the 


stems and exposed columns in the manner which we shall next proceed to inves- 
tigate. 
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TABLE III. THeERMOMETRIC CONSTANTS. 


: Degree 
Inches | Inches Length of of from which 


Length | of Fine | of Wide| Degrees | Length of | ,. pages the column 
No, | Range of Wide | | |Tube in| in'Fine | Fine Tube |” inches| Fine Tube 


inches. | above | Fine | Tube. | in inches. | 
ground.| Tube. | temperature} 
is reckoned.* 
OBSERVATORY. 
1| 41-6—5i-0 {1-79 | 9 | 24:5 | 13-7 | 316 93 133 | 41 
| 1°57 9 7:0 4°5 162 36 4°2 40°5 
3 | 36:0—54:0 | 0°88 9} 4-2 86 18 4:3 35 
305—55°0 94 3-6 | 5°7 48 8°4 4°6 


EXPERIMENTAL GARDEN. 


1| 39°5—52°9 8 30°0.| 24°5 315 12:8 23°9 38 
2| 38:5—63-2 | 1°09 64 9-2 8°4 160 19 81 38 
3| 350—559 (0-68 | 10 4:2 6°2 87 14 33°5 
4| 265—60°0 |0475 | 10 1‘8 3°8 48 126 . 3°0 25 
CRAIGLEITH. | 
1; 40°6—51°5 | 9 | 125) 3816 25°2 12°1 40 
40°7—50°7 | 1°52 8} 4:9 3°2 162 | 61 3-0 40 
3 | 870—53°6 |0-98 | 10 6°4 6°5 87 5°7 35.5 
31-5—554 | 0°67 10 1-4 2°1 48 22°8 1:7 31 


* This supposes the Atmospheric Temperature to saiieale 9 inches. The tubes at the surface 
would have the following readings :— 


41:2 40°7 355 294|389 382 343 25°7| 401 405 362 31:1 


May 14. 1834. No. 4. Observatory was lowered 3°12, by withdrawing alcohol. ~ 15, No. 4. 
Craigleith lowered by 1°.95. Corrected scales were immediately applied. 
In the above Table, No. 1 is the longest, No. 4 the shortest, Thermometer. 


VI. Corrections of the Observations. 


It is very evident that the readings of the thermometers cannot indicate ex- 
actly the temperature of the point corresponding to the centre of the bulb, be- 
cause the stem between that point and the surface of the ground never has a uni- 
form temperature throughout; and the portion of the column above ground is 
affected by the temperature of the air at the moment. Of these two corrections 
in our thermometers, the latter is by much the most important, ‘hich is fortunate, 
because it is also determined with the greatest accuracy. 

These corrections, however obvious, have, according to M. QuETELET, been 
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overlooked by all observers previous to himself and M. Araco. It seems that 
M. Araco ascertains the expansion of the buried column of spirit by sinking, 
alongside of each thermometer, a stem similar to its own, haviag a scale above 
ground, but no bulb: the variations of bulk of the contained spirit being thus di- 
rectly shewn are eliminable from the readings of the adjacent thermometer. 
As far as regards the correction due to the portion of the stem buried in the earth, 
this mode of correction is ingenious and satisfactory ; but, when the tubes are 
capillary, the reduction is so small that it may readily be obtained otherwise, with 
sufficient accuracy. It does not, however, apply to the portion of the scale above 
ground, since the quantity of alcohol, so exposed, varies with the degree shewn 
by the thermometer. And this correction, as has been said, is, in our observations, 
_ the more important of the two. The method which I propose to employ is the 
following :— 7 
The distribution of the thermometers, in geometrical progression, enables us 
to employ the temperatures indicated by the thermometers, Nos. 2, 3, 
: and 4, for the correction of the reading of No. 1 (that is, to reduce the 
temperature of the column a6 to the temperature of the bulb); the 
; temperature of Nos. 3 and 4 to correct No. 2; and of No. 4 to cor- 
rect No. 3. It was matter of consideration (1.), how this might be 
most correctly done; and (2.), to select a formula of sufficient (not 
superfluous) accuracy, and adapted to calculation. 
O The mode of doing this was partly arbitrary, and justified by ap- 
plication to cases where the variation of temperature in the stems was 
a maximum selected from the journals of observation. Thus, the 
depth of the successive thermometers being— 


2. 


w 


4. 


0, a 2a 224 234 §e. 
The intervals of depth are— 
a a 2a §e. 


And the product of the temperature and depth must lie between 
two series, one of which supposes the temperature of any interval 
equal to the temperature of the thermometer at its superior limit, the 
other supposes the mean temperature equal to that at its inferior limit. 
/ It is evident that the truth must lie between these suppositions, or 

that denoting by T, the superficial temperature ; and ¢,, ¢, ¢,, ¢,, the in- 

dications of each thermometer successively in descending, we must 
have the product of the temperature and depth between the values of the two 
series, 


T-a+t,a+2t,a+2%t,a 
and ta+ t,a@+2 t,a+2*t,a@ 
Farther, it will be nearer the latter result than the former, since the variation of 
temperature diminishes as we descend. | 
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Until after May 1838, no superficial thermometer (or one in the uppermost 
stratum of soil) was used. There was simply a thermometer suspended beside 
the scales in the box, to indicate the temperature of the part of the column ex. 
posed to the air. Fortunately, however, the correction for the temperature of the 
first interval a, or 3 feet, is very small indeed. The extreme excess of tem- 
perature of the air in the box above the highest thermometer, or (T—¢,) during 
1837, was 20° Fahr. In the most capacious of the tubes employed, supposing that 
the temperature of 20° had been applied through the whole depth of 3 feet, an 
expansion would have been produced, which would have raised the alcohol on the 
scale of that thermometer by 0°07 ; but the expansion could not possibly amount 
to half of this, secing that the mean temperature of the 3 feet of soil would more 
nearly approach to that of the inferior limit of it, than to that of the air in contact 
with its surface. We can hardly err ‘01 (a quantity in this particular case much 
less than the errors of reading), by assuming that } of the column of 3 feet had 
the temperature of the air, and the remainder that of the thermometer bulb itself.* 
In both the other three-feet thermometers, the error, owing to the smaller capa- 
city of the three-feet capillary tube, would be but about half as great. 

Now, by reasoning by the method of limits as above, and applying the above | 
correction to the upper 9 inches of all the tubes, I find the following formula to 
be a more than sufficient approximation in every case. For the deepest thermo- 
meter, No. 1, whose temperature is /, 


Mean temperature of stem = + Temperatures x depths 


depth 
making 3°2 feet = unit of depth, 


And as the reduction of the temperature of the stem to that of the bulb depends 
on the excess of the former above the latter, we have 


Mean excess of temperature = = 6). 


Farther, to adapt this to calculation, let the successive intervals of tempera- 
ture of the series of thermometers be taken, wid make 
f,—t,=a 
t,—t,=6b 
t,-—t,=c 
the above expression becomes 
=}{74a+36+c} for thermometer No.1, . . (3.) 


* The application of this correction becomes exceedingly easy, by considering the correction for air 
temperature to apply, not only to the exposed part of the tube, but also to the first 9 inches of the buried 
stem, 


‘ 
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For the other thermometers, we have only to make a and 6 successively = 0, and 
substitute 4 and 2 for the depths, which give | 

3{3 for No. 2. 

4c for No. 3. 
And the correction for No. 4 will be exclusively that derived from the observation 
of the thermometer in air T, and has for its argument 

I should have observed, that, in order to ascertain that these formule repre- 
sented the state of the instruments with sufficient accuracy, I first calculated how 
nearly the mean temperature of the whole column of each thermometer must be 
known, in order to entail no greater error than that of the reading, say of °01 de- 
gree. This, in the case of the deepest (26 feet) thermometer, with the widest bore, 
amounts to 1° of temperature, and in the three-feet thermometer to 3°. 

For the second or Air Temperature correction, the quantity of alcohol to be 
expanded, depends on the height at which the liquid stands in the tube, and the 
amount of expansion on the temperature to which it is subjected. 

Let us suppose, that in any thermometer the degree of temperature is known 
at which the surface of the column would just contract below the level of the 
soil. The number of degrees above this, which the thermometer at any time 
marks, points out the quantity to be corrected for expansion. If this correction 
is also to be applied to a part of the tube 9 inches lower, we have only to start 
from a degree of the scale corresponding to that point instead of to the surface. 
The number of degrees for which it is to he corrected, is the excess of the tem- 
perature of the air above that of the bulb, or T—2,, ¢, denoting the temperature 
shewn by the n™. thermometer in an ascending order. Table III. in page 198, gives 
the point on the scale of each thermometer, corresponding to a position 9 inches 
below the level of the soil; let that point be /,, /,, 7,, 7,, for each thermometer in 
succession, then the number of degrees of temperature to be corrected for, will be 
T-1,, T-l,, &c. | 

Thus, both the corrections required to reduce the observed readings amount 
to finding by a table, the increased (or diminished) length of a given column of al- 
cohol (measured in degrees), for a given excess (or defect) of temperature, assigned 
in degrees. Such a table I have constructed, and I have thought it advisable to 
employ the correct value of the expansion of alcohol at atmospheric tempera- 
tures, instead of its mean amount between the freezing and boiling points. This 
latter quantity as given by Daron, and commonly employed, is-11 of the volume, 
from 32° to 212°, or ‘000611 for 1° Fahr. Now, it appears from Muncke’s elabo- 
rate experiments, that alcohol, of density ‘808, expands at common atmospheric 


temperatures (viz. between 0° and 20° cent.), almost precisely -001 of its volume 
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‘ at freezing for 1°. cent.,* or ‘000555 for 1° Fahr., a quantity one-tenth greater than | 


its mean dilatation usually adopted. I accordingly had a Table constructed on 
this basis, with a double entry, one for the number of degrees, or space in the 
tube filled with the expanded liquid, and the other for the excess of temperature to 
which it is exposed. The arguments used for the two corrections, with this Table, 
were the following :— 


Ist 2d Argument. 
Ca 
Degrees Degrees of Temperature 


_ to be corrected for 
1st Correction (for Temperature of Stem), Table, p. 198. dat b+e 
2d Correction (for Temperature of Air), . T-d T-t, 


The sign of the correction is always opposite to that of the second argument. 


* Fecunen’s Repertorium, II, 430. The expansion of absolute alcohol is somewhat greater as 
given by Muncxg, in a paper in the Petersburg Transactions, read 5th September 1834. 


Alcohol in Glass Tubes = O00555 for l° Fahr. 


| 
| 
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VII. Results of the Observations. 
A. Mean Temperature at different depths. 


It has been observed at Brussels and elsewhere,* that, even at depths less than 
25 feet, the mean annual temperature indicated by the lower thermometers is 
greater than that of those nearer the surface. This appears to be also clearly 
established by the observations at the three stations near Edinburgh, as contained 
in the following Table. | 


TABLE V. MEAN TEMPERATURE FOR Five YEARS. 


1837-1838 
1838-1839 
1839-1840 
1840-1841 


3 French Feet, (No. 4). 


Experi- 
mental 


Garden. 


Crai 
leith, 


6 French Feet, (No. 3) | 12 French Feet, (No. 2) 


Observa- 
tory. 


24 French Feet, (No. 1), 


Observa- 
tory. 


Experi- 
mental | 


46°54 
45°44 
46°14 
46°26 


46°26 
45°22 
45°83 
45°97 


° 
46°23 
45°35 
45°75 
45°99 


46°50 | 46°65 4690 


45°35 | 46°12 | 46°44 
45°73 | 46:18 | 46-67 
46°01 | 46°43 46°91 


47°22 
46°89 
46°68 
46°77 


1841-1842 | 45°66 | 46°29 46°13 | 45°99 | 46°51 | 46°01 | 46-44 | 46°89 | 46°07 46°79 47°08 | 45°87 


Means | 45°49 | 46°13 | 45°88 | 45°86 | 46-42 | 45-92 46°36 | 46°76 45-92 46°87 | 47°09 | 46°07 


Mean of Observatory, 46°14 | Elevation, 850 feet. 
Experimental Garden, 46°60 feet. 
Craigleith, - 45°95 feet. 

Mean Temperature of Air from Mr Adie’s Observations, | 45°28 » : - 240 feet. 

Mean of 3 Feet Thermometers, . . 46°83 
24 ‘ ; 46°68 


The cause of the increased mean temperature below, is by no means clear. 
From its irregularity, it is most probably due to several causes, of which the cen- 
tral heat of the earth is perhaps one; its effect at 25 feet need not be insignifi- 
cant, since the average rate of increase at great depths is 1° Fahr. for from 40 to 
50 English feet. In the present case, the increase is not uniform, and it is also 
decidedly different in the different soils, and will appear by the sequel to be inti- 
mately connected with the conducting power of the strata. The order of magni- 
tude of the increase is this, 1. Observatory, 2. Experimental Garden, 3. Craigleith ; 
—or, Trap, Sand, Sandstone, which is also the order of the conducting power. ‘The 
following table shews that, in every instance but one (from 6 feet to 12 feet at 
Craigleith), the increase was apparent. 


* Quereet, Annales de I'Observatoire Royale de Bruxelles, iv. 150. 


204 
| 
ig- rva- ig- 
= leith. | tory. | Garden. | leith. 
45°94 | | 46°70 46°30 | | 47°28 | 46-46 
| 44°81 | | | 45°90 45°47 | 47°05 | 45°97 
| 45°56 | | | 46°58 | | 46°08 | 47°04 | 46°18 
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TaBLe VI. SHEWING THE RATE OF INCREASE OF TEMPERATURE WITH DeEpTu. 


Observatory. | *perimental) craigieith. 


From 3 to 6 feet, | +037 | +029 | 40-04 
19 +087 | +063 | +4004 
+ 0-38 + 0°96 + 0-19 


To complete the comparison of Meteorological data, I subjoin Mr Apte’s ob- 
servations on the mean temperature of the air and the quantity of rain fallen dur- 
ing the same period, at Canaan Cottage, near Edinburgh, 240 feet above the sea, 
excepting the months previous to May 1838, which were observed on the Regent 
Terrace, Calton Hill, at about the same elevation above the sea. 


TaBLE VIL MEAN TEMPERATURE AND QUANTITY OF RAIN FOR THE YEARS 1837-38-39- 
40-41-42, OBSERVED AT EDINBURGH BY MR ADIBE. 


March 35°24 | 1°28 || March 38°12 | 2°76 | March 36°98 | 1°47 
April 39°65 | 1°61 | April 40-25 | 1°78 || April 42°53 | 0°33 
May 48°37 | 1°53 | May 44°87 | 2°90 | May 46°82 | 0°47 
June 57°30 | 2°86 | June 53°98 | 5°16 | June 53°42 | 391 
July 60°42 | 4°54 | July 58°94 | 2°45 || July 57°77 | 351 
August 51°77 | 4:13 | August 56°88 | 2.99 | August 55°51 | 1°77 


Sums 552°79 | 2677 529°69 | 30°86 543°83 | 23°45 
Mean 46°07 44°14 45°32 
1840. 1842. 
Thermome- Rain Rain. Rain. 


January | 36°74 | 3°72 || January 33:00 | 1:23 | January 35°45 | 1-01 
February | 3655 | 1°58 | February | 38:39 | 1°66 | February | 39°55 | 1°11 


March 42°74 | 0-43 || Mareh 45°62 | 0°60 | March 42°04 | 3°44 
April 48:16 | 0°19 | April 44-26 | 1°14 | April 45°03 | 0-15 
May 47:13 | 3-99 || May 51-74 | 1-14 | May 51:22 | 1°45 
June 52°53 | 2°51 || June 52°43 | 1-36 | June 57°53 | 0°97 
July 52°75 | 3-46 | July 53°58 | 3°87 | July 

August 44°51 | 1-99 || August 53°88 | 3°64 | August 

September | 48°57 | 2°39 || September | 54°36 | 2-63 | September 

October 44°32 | 2-01 || October 43-48 | 4:53 | October 


November | 48°66 | 2°33 || November | 39°10 | 2°28 | November 
December 27°31 | 0°68 || December 39°65 | 1°96 | December 


Sums 541°97 | 25°28 549°53 | 26°04 270°82 | 813 
Mean 45°16 45°79 45°14 


VOL. XVI. PART II. 3 F 


| 
| 
| 

| 
| 
| 
1837. | | 1838, 1839. | 
January 3633 | 1°23 | January 31°73 | 2°47 January 33-05 | 1°76 | 
February 37°23 | 2°14 || Feb 30-06 1-21 | February 38°53 | 1°45 | 
September | 53°18 | 1°73 || September | 52°04 | 400 | September*/ 52:13 | 3-09 | 
October 50°17 | 2.02 | October 46°27 | 1°15 | October 46°50 | 2°38 
November | 40°45 | 2.03 | November | 38°38 | 3°06 | November | 43°13 | 1°65 
December | 42°68 | 1°67 | December | 38:17 | 0°73 | December | 37-46 | 1-66 | 

| 
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B. General Observations on the Thermometric Curves. 


Some of the most important results depend upon the annual ranges of tem. 
perature at different depths. But the determination of the extremes is no easy 
matter. I will first direct attention to the curves in Plate VII., which convey a 
great deal of valuable information, which can here be only slightly touched upon. 
They are reduced to one-sixth of the size of the original projections, in which one 
degree occupied two-thirds of an inch vertically, and one day occupied one-tenth 
of an inch horizontally. The corrected temperatures are those which have been 
projected. 

The curves extend over five years; and are placed in the order of depths 


_ (vertically) to which they belong: the uppermost undulating curves shewing the 


variations at the three stations 3 French feet below the surface, a lowest set 
shewing the variations 24 French feet below the surface. 

The most obvious results are the following :— 

1. In the upper set of curves, though the irregularities are greatest, yet the 
three curves follow one another with singular fidelity throughout these irregulari- 
ties. The curves separate a little in summer, and regularly in the same direction 
every summer, shewing the influence of exposure, the Experimental Garden being 
most heated, then Craigleith, and lastly the Observatory, which is also the order 
of the elevations of the stations above the sea. It may also be added, that the 
diurnal change may possibly have some slight influence upon the Experimental 
Garden, where the observations were made fully two hours later than at the other 
stations. (See Section V.) 

2. As the local irregularities diminish at increasing depths, the range dimi- 
nishes, and the times of maxima and minima are continually retarded. 

3. At increasing depths, the curves, which followed one another so closely 
and exactly amidst the irregularities of temperature near the surface, systemati- 
cally separate from one another, both owing to a variation in the range or degree of 
undulation of the curve, and owing to a greater or less degree of retardation in 
the maxima or minima of the different curves. 

4. The effect last described is least sensible in comparing the observations 
at the Observatory and Experimental Garden, but most sensible if either of these 
be compared with the Craigleith observations, for which last the range diminishes 
more slowly, so that, at 24 French feet, it is about double that of either of the 
others, and the retardation of the maxima and minima is much less. 

5. In the trap and loose sand, the range is diminished to one-tenth part in 
descending from 3 feet to 24 feet; but in the sandstone it is not quite diminished 
to a fifth part. The epoch of maximum temperature is retarded in the two former 
cases nearly five months, in the latter only three. 

From these statements it is easy to see that the influence of the conpuUCcTING 
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pOWER OF THE DIFFERENT SOILS OR ROCKS FOR HEAT is very palpable. But to 
submit it to numerical calculation, a more elaborate analysis is necessary. Each 
year has been first considered by itself, and then the whole united. 


C. Thermometric Ranges. 


To ascertain the range for each year, the maximum and minimum points of 
the curves of each thermometer were ascertained graphically by the aid of an 
elastic wire, bent so as to represent a curve which should pass through the zig- 
zags of the temperature curve, and connect the observed points with tolerable 
accuracy. The points of greatest and least temperature in each year were thus 
represented with a certain degree of approximation, and the results are shewn in 
the following table. 


TABLE VIII. SHEWING THE MAXIMUM AND MINIMUM TEMPERATURE AND RANGE 
FOR EACH OF FIVE YEARS. 


Observatory, Trap. Experimental Garden, Sand. Craigieith, Sandstone. 
Range. Range, 

mam. | mam. | Faures-|| Tom. | mum. | | Mum, | 

3 Feer.| 1837-38 || 56-25 | 37°30 | 18°95 | 57-20! 37°55| 19°65 | 55-90! 37-65 | 17-25 
| 1838-39 || 53-40 | 35°70 17°70 || 75°45 | »5°12| 20°33 || 53°90 35°38 18-592 
1839-40 || 53°05 | 38°10 | 15°55 || 56°50 | 37°50 | 19-00 || 54 30) 37°85 16°45 
1840-41 || 53°87 | 38°95 14-92 | 56°35 38°10) 18-25 |) 55°10 38-95 | 16-15 
1841-42 || 52°85 | 38°88 | 13°97 || 54°50 | 37°85 | 17°65 || 53°15 | 88-25 14°90 
6 Feer.| 1837-38 || 52°30 | 40°40 | 11°90 || 54°65| 39°70 | 14:95 | 53°80 39-90 13-09 
1838-39 || 50°90 | 39°70 | 11°20 | 53°20 | 38°63) 14°57 | 52°35 | 38-10 | 14°25 
1839-40 || 50°97 | 40°65 | 10°32 || 53°67 | 39°70) 13°97 || 52°53 39°20 | 13-33 
1840-41 |) 51°35 | 41°10) 10°25 || 53. 75| 40°52) 1323) 53°15 | 4005. 13°10 
1841-42 || 51-07 | 4078) 10°29 || 52°95| 39°55 | 13°40 | 51-90 | 38°95 12°95 
12 Feer.| 1837-38 || 49°40 | 43°90| 5°50 | 50°65) 43°10| 7°55) 51°10) 41-70 9°40 
1838-39 | 48°65 | 43°60 | 5°05 || 49°95 42°85| 7:10) 50°05 | 40°75; 930 

1839-40 | 48-57 | 43°73 4-84) 50°19| 43-08! 7-11] 49°80! 41°45| 8°35 
1840-41 | 48°80 | 44°30) 4°50 || 50°30! 43°60! 6°70) 50°45| 42-12) 833 
1841-42 | 49°00 | 44.20) 4:80 | 50°40 | 4350) 690) 50°30) 41°60| 8-70 
24 Feer.| 1837.38 | 47°85 4640| 1°45 48-25) 4615| 2°10} 48°50! 44-40! 410 
1838-39 | 47-45 | 4620] 1°25 | 47-°88| 46:00} 188] 47°88 44-:05| 3-83 
1839-40 | 47°35 | 45°97) 1°38 | 45°97/| 1-43] 47-82| 43°87! 3-95 

1840-41 47°38 | 46°15| 1-23 || 48°00) 46:10/ 1:90] 48:12) 44-40| 3-72 
1841-42 | 47°50| 46°12 1°38 || 4810) 46°10) 2-00! 48°25 44:35 3-90 


Theory shews, that the annual range ought to decrease in geometrical pro- 
gression, as the depths increase uniformly. In other words, the ranges may be 
represented by the ordinates of a logarithmic curve. And that such is the case 
may be seen from the curves in Plates IX. and X., where the logarithmic curves 
are drawn through points so as to represent, as well as is practicable, the law of 
decreasing range at the different stations. These diagrams were constructed with- 


out any reference to one another; and their general coincidence is highly satis- 
factory. | 


| 
| 

| 

| 

| 

| 

| 

| 
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To express the results geometrically, 


Log. A= A+Bp 

Where a is the thermometric range at a depth p in French feet; A and B are con- 
stants, the second of which is always negative. These constants are important, 
and their determination may be considered as the primary object of this investi- 
gation. A is manifestly equal to the logarithm of the thermometric range at the 
surface, or when p=0; B is a constant which determines the rate of diminution 
of the range in the interior of the earth, being smaller in proportion as the heat 
penetrates more readily, or as the conductivity of the soil is greater. It was 
shewn by Fourier to be directly proportional to the square root of the specific 
heat of the soil, and inversely as the square root of the conductivity.* 

These quantities A and B have reference to the thermometric scale employed, 
and therefore it is convenient, in order to obtain comparable results, to use the 
same unit as MM. Poisson and QuETELET have done in their comparison of theory 
with observation, that is, the centigrade scale. For this purpose, the ranges are 
expressed in the following table in centigrade degrees. 


TABLE IX. RANGES IN CENTIGRADE DEGREES. 


$ Feet. Feet | 12 Feet. | 24 Feet. 

Experi- | Experi- | Experi- ! | Experi- 
° ° ° ° ° ° ° ° ° ° 
1837 | 10°53 |11°23 | 9°58 | 6°61 | 830! 7°72 | 3°05 | 419 522 || 1°16 | 2-28 
1838 | 9°83 |11°30 |10°29 | 6°22 | 7:91 2°80 | 3°94) 516! O70) 1°05 | 213 
1839 | 864 |10°55 | 914) 5°73 7°76) 7:40) 269) 395 | 464 | 0-76) 0-79 | 2°20 
1840 | 8:29 |10°14 | 898 | 5°70 | 7:35) 7:28 | 2°50 | 372) 463 | 1:06 2-07 
1841 7°79 | 980 | 828 | 571 | 745! 7:20) 266) 383 | 483 | 0°76 | | 2°16 
Means,| 9:02 |10°60 | 9:25 || 5:99| 7-79 | 7-50! 2-74| 3-93, 078 | 1-03 | 2:17 


Two results are sufficient for eliminating the constants A and B at each sta- 
tion, and the most probable combination may be had by the method of least 
squares. I have preferred, however, the graphical method already referred to for 
finding, by means of a diagram and a pair of proportional compasses, the loga- 
rithmic curve which best represents the observations. This being done as shewn 
in Plates IX. and X., the values of A and B may be deduced thus. A, as al- 
ready observed, is the logarithmic range at the surface. Taking a space equal to 
10° Cent. (or 18° Fahr.) in the compasses, find the depth at which the curve has 
this quantity for an ordinate, let p,, be this depth. Then, since Log. a=Log. 10=1, 
the equation above becomes 


* For farther particulars, see the Appendix at the end of this memoir, and also Sub-Section F. 
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DIAGRAM SHEWING THE PROGRESS OF HEAT DOWNWARDS 
BY THE MEAN OF FIVE YEARS. 


January February March April May June October Novem? Decem! Jan’ 


MAXIMA 


| | | 
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Also p,, Pow Pon denoting the depths corresponding to a range of 1°, 0°1, 0°01 
Cent., we have 


A 1+A 2+A 
A= Pu=—- Poi = — B 


Numerical Example. By the projection for 1837, Plate [X., we find 
Observatory. Experimental Garden. Craigleith. 


The superficial range 15°-0 Cent. 11°-9 Cent. 
Pw= depth where range = 10° Cent. . 3-0 F. ft. 4°0 F. ft. 2:4 F. ft. 

B . —0°0547 —00440 — 00317 
21:4 F. it. 26-7 F. ft. F. ft. 
122 ... 97:3... 


The numbers in the last line may be taken (arbitrarily) as a limit of compa- 
rison for the point at which the annual variation sensibly vanishes, and its dif- 
ference in the three stations shews the marked influence of the conducting soil 
or rock. The following tables contain a summary of these results for five years. 


TABLE X. SEWING THE VALUES OF A AND B.* 


VaLvues or A. | VALUES or B. 
E xperi- 
Observa- Obser\ a- 
mental Craigleith. mental | Craiglei 
tory Garden. tery: Garden. 


1837 | 1164 | 1176 | 1°076 1837 | —-0545 | —-0440 | — -0316 
1838 | 1173 | | 1838 |— -0641 |—-0517 | —-0345 
1839 | 1°086 | 1182 | 1-049 1839 |—-0516 | —-0498 | —-0305 
1840 | 1073 | 1155 | 1°044 1840 |—-0550 | -—-0470 | — ‘0308 
1841 | | 1141 | 1°019 1841 | —-0474 | — -0460 | —-0281 


Means, | 1°105 1174 1-060 | Means, |—-°0545 —°0477 | — ‘0311 


Taste XI. SHEWING THE DEPTHS AT WHICH THE ANNUAL RANGE IS REDUCED TO 
0°01 CENT. 


Observatory. | M*Rerimental |  Craigieith. 


1837 58:1 722 | 973 
1838 49-3 61:8 91-0 
1839 59-2 63:5 100-0 
1840 559 67°1 98-8 
1841 83:9 68-3 107-4 

Means, 57:3 66-6 98-9 


. ', * The French foot and centigrade degree are here taken as units. 
VOL. XV1. PART II. | 3G 
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On these results it may be remarked, that A, which is the logarithm of the 
superficial range, is necessarily variable according to the season, and that it ap- 
pears, singularly enough, to have been constantly on the decrease throughout the 
period of these experiments. This gives a great probability that the mean of 
these will be very nearly an average result for this climate. The depth at which 
the annual variation disappears is also evidently dependent, in part, on the qua- 
lity of the season. B is the only proper constant, depending solely upon the spe- 
eific heat and conductivity of the soil; and the mean results of Table X. ere evi- 
dently near approximations to the truth. 

These computations have been made on the supposition that the heapietheia 
law of the diminution of the range is correct, and that the deviations from it are 
due to accidental errors. These deviations appear, however, to be too systematic 
to admit exactly of this conclusion. The observations at Craigleith coincide most 

_ nearly with theory ; those at the Observatory much less so, although there is every 
reason to believe that the observations there were in every respect the most un- 
exceptionable of the three. At the Observatory, the observations at great depths 
indicate a less rapid contraction of the range than do those at the surface, as an 
inspection of the curves in Plates IX. and X., and the points through which they. ; 
have been drawn, sufficiently proves. 

To illustrate this difference, I had the constants A and B separately computed 
from all the possible combinations by pairs of the observations of 1837-38, with 


the following results. 
TABLE XII. 
Ovsorvatery. _ Experimental Garden. Craigleith. 
+ : 12 Feet. 6 Feet. 3 Feet. ‘12 Feet. 6 Feet. 3 Feet. 12 Feet. 6 Feet. 3 Feet 
veer f A= 108 |A= 1126 [A= 1182 |A= 1180 |A= 1-204 |A= 1191 |A= 1-077 |A= 1-064 |A= 
= eet B = —-0484/| B = —0510 | B = —-0533 | B = —-0465 | B = —-0475 | B = —-0459 | B = —0300 | B = —0294 |B = —1% 
4112 Feat. | A= 1153 |A= 1-202 A= 1216 |A= 1-193 A= 1-058 |A= 108 
B = —0560|B= —0598|f °° || B= —0495| B= —-0176. B = —-0283 | B = 
Az 1°225 A= 1°182 A= 
A= 1.1594 A= 11943 A= 
Mean Values B= —056¢ Mean Values, { B = —-0469 Mean Values, . 


D. Progress of Heat downwards. 


The curves of Plate VII. plainly shew that the periods of maximum and 

- minimum temperature occur later and later as we descend. The epochs of maxi- 

ma and minima were obtained graphically at the same time with the greatest and 

least temperature, in the manner already described. The results are contained in 
the following Table :— 


| 

| | 

| 

| 

| 
| 

| 

| 

| 

| 

| 

| 


PROFESSOR FORBES ON THE TEMPERATURE OF THE EARTH 211 


TaBLe XIII. Epocus or MiniMuM AND MAXIMUM TEMPERATURE (BY 
FROM 1837 TO 1842. 


MINIMUM. 
3 Feet. 6 Feet. 12 Feet. | 4 Feet. 
«Experi. | Experi- Experi- Experi- 
| Observa- tal Crai Obeerva- mental Craig- Observa- Craig- Observa- . 
tory. leith. tory. Gard leith. | . leith. tory. ne 


| 6 
1938 Feb. 25| Mar. 3) Feb. 23. Mar. 14/ Mar. 19) Mar. 3 20 
1839 Mar. 14 | Feb. 24) Feb. 24.) Man 27 | Mar. 25 | Mar. 4 1. 30 | Apr. 22 | Apr. duly 12 | June 24 May 12 
1840 Mar. Feb. 25) Mar. Mar. 14/ Mar. Mar. 8 19 
1841 | Feb. Feb. Jan. Feb. 17| Feb. Feb. 2 24 
6 


| Mar. Feb. 24| July 5 | June 15 | Apr. 
1842 | Jan. 25 | Jan. 22| Jan. 25 Feb. 19| Feb. 16 Feb. 


Apr. 30 | Apr. 10 July 26 July May 18 
Apr. 22) M r. July 18 | July May 12 


Apr. 18 | Mar. 21 ‘July 5 | June 26 | Apr. 30 


Means Feb. 18 Feb, 14/ Feb. 13, Mar, 7| Mar. 7 Feb. Apr. 20| Apr. 16) Mar. 21 | July 13 June 29) May 3 


MAXIMUM. 
1837 || Aug. 6| July 31 | Aug. 5 | Sept. 2| Aug. 24| Aug. 19 | Oct. 17 | Oct. Sept. 11 | Jan. 8 | Dec. 30 | Nov 
1838 | Aug. 8| Aug. 6| Aug. 16) Sept. 6 | Aug. 31 | Aug. 23} Oct. 19 | Oct. 14| Sept.19 Jan. 5 Jan. 4| Nov 
1839 || Aug. July 30/| July 30) Aug. 26 | Aug. Aug. 14 } Oct. 10 | Oct. 3 Sept.11 Jan. 8 | Dec. 26| Nov 
1840 | Aug. 23} Aug. 18 | Aug. 18 | Sept. 4/ Sept. 2) Aug. 23] Oct. 6 Sept.30/ Sept. 9 Jan. 3) Dec. 18 | Oct 
1841 | Sept. 6 | Aug. 23 | Aug. 25 | Sept. 24 | Sept. 19 | Sept. 15 || Oct. 20 | Oct. 16 | Oct. 29 | Dec. 18 | Nov 
Means Aug. 15 Aug. 9/| Aug. 13 Sept. 6 | Sept. 1 | Aug. 25 || Oct. 14 | Oct. 8 | Sept.17 Jan. 4 Dec. Noy 


It will readily be understood, by the inspection of the curves, that these de- 
terminations are liable to considerable uncertainties,—in most cases amounting’ 
to several days. The curves at small depths are liable to many anomalous fluc- 
tuations, and even occasionally present an appearance of two minima; and at 
great depths the curves, though even, are so flat, that a considerable error may 
occur in detecting their highest and lowest points. It does not appear, however, 
that more real accuracy would be obtained by the methods of calculation which 
have usually been employed, instead of interpolating curves. We shall presently, 
however, shew how the two may be advantageously combined. 

We thus see that the greatest cold of winter attains the depth of 24 French 
feet,— 

At the Observatory (trap rock), on the 13th July; 
At the Experimental Garden (loose sand), on the 29th June ; 
At Craigleith (sandstone), on the 3d May ; 


and that the greatest heat occurs on the 4th January, 25th December, 3d Novem- 
ber respectively ; shewing, in both cases, the very same order of facility in con- 
ducting heat which we had before deduced from the diminution of ranges, namely, 
that the Observatory ground is the worst conductor, that of the Experimental | 
Garden but little better, and the rock at Craigleith by far the best. 
Unfortunately, the measure of the retardation of epochs has, as yet, been so 
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imperfectly reduced to theory, that we cannot satisfactorily compare it with ex- 
periment ;* but one law of great simplicity has long been known from theory 
to be approximately true, namely, that the retardation of epochs is uniformly 
greater as the depth increases. This is also easily verified graphically. By tak- 
ing the depths in a vertical direction, and setting off the day of greatest or least 
temperature horizontally, a series of points is obtained through which a straight 
line should pass. I have not engraved these projections for each year, but that 
for the mean of the whole will be seen in the lower part of Plate X., where the 
interpolating lines in general pass so nearly through the dots that they cannot be 
distinguished. From these projections the mean rate of propagation downwards 
is easily determined, and affords a palpable illustration of the conducting powers 
of the soil. 


TABLE XIV. SHEWING THE NUMBER OF DAYS REQUIRED BY THE IMPRESSION 
oF HEAT TO PASS THROUGH ONE Foot or Solin. 


MAXIMA. MINIMA, 


Observa- | Ex 
tory. | tal Garden.| | tal Garden, | CTaigleith. 


Days. Days. | Days. Days. Days. Days. 
1837 75 71 4°9 pad 
1838 6°8 3°6 6°5 3°6 
1839 78 7:2 46 6-0 5:1 3°6 
1840 6°6 5°95 3°5 6:1 3°05 


1841 | 5-4 51 30 6-4 3-6 
| 


Means 6°82 6°43 3°92 6°25 5°58 3°46 


It must be added, that in the several years the law of uniform progression is 
by no means accurate, although, in the mean of five, the accidents are nearly 
compensated. And here, again, we find the good conductor, the sandstone, gives 
by far the most regular and consistent results. 


E.—On the Form of the Annual Curves. 


With a view to approximate more nearly to the form of the annual curves of 
temperature at different depths, I have had the mean temperature for each week 
of the year taken by the mean of five years, which has the effect of disposing of 
the more irregular fluctuations, as may be seen in Plate VIII., the curves in which 
are taken from the following Table : 


* See the Appendix. 
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The dates in the preceding Table are the mean of the corresponding days of 
observation during the five years. More correctly they ought to be about half 
a-day earlier; thus, the temperature of February 4 belongs to February 3°5, or 
to midnight of the 3d, instead of the 4th at noon, and so of the others. 

The practice of denoting periodic variations of temperature by a series of the 
form 

Yn= A+B sin (n+ 6) + C sin (2n+c) + &e. 

(where y, is the temperature corresponding to the fraction of the year denoted 
by x, and A, B, C, 6, c, are constant quantities), has prevailed in Germany at 
least since the time of Lampert.* I have thought it worth while to compute 
the equations for each of the 12 curves, so as to facilitate comparison with the 
results of QUETELET+ and others. But my method of proceeding has been some- 
what different from his. I sketched very carefully interpolating curves through 
the curves of Plate VIII., so as to diminish their remaining irregularities, and 
having divided the horizontal space corresponding to a year into 12 equal parts 
(each of which may be represented by the space of 30°, the whole period of varia- 
tion being 360°), I measured and inserted in a table the ordinates of the inter- 
polated curve corresponding to these points; and with the aid of these ordinates, 
the equation to the curve was calculated by the aid of the tables given at the end 
of the second volume of Dove’s Repertorium. The results were as follows :—The 
first term is of course the mean temperature of the year, which has been taken 
from Table V. 


TABLE XVI. CONTAINING THE EQUATIONS TO THE ANNUAL CURVES. 


3 FEET. 
Observatory, y, =45°49 — 7°39 sin (n . 30°+ 43°) + 0°362 sin (n . 60° + 29 
Ex. Garden, y,=46-13—9-00 sin (n 30° + 49°) + 0°737 sin (mn . 60° + 63 
Craigleith, y,=45'88—8°16 sin (n . 30°+47°) +0°284 sin (n . 60° + 34 
6 FEET. 
Observatory, y, =45°86 — 5-06 sin (n . 30°+ 23°) +0433 sin (n. 60°+ 7 
Ex. Garden, y, = 46°42 — 6°66 sin (n . 30°+ 29°) +0°501 sin (n.60°+ 65 
Craigleith, y,—45°92—6-16 sin (n . 30°+ 36°) + 0.368 sin (n . 60° + 340 
12 FEET. 


Observatory, y,=46'36—2-44 sin (n 30° + 344°) +0-075 sin (n . 60° + 330°) 
Ex. Garden, y, = 46°76 — 3°38 sin (n . 30° + 348°) + 0-230 sin (n . 60° + 319°) 
Craigleith, y,=45-92 — 4-22 sin (n. 30°4 13°) 

24 FEET. 
Observatory, y,, =46°87 — 0°655 sin (n . 30°4+ 85°) 
Ex. Garden, y, =47-09 —0°920 sin (n . 30° + 275°) 
Craigleith, y,=46°07— 1-940 sin (n . 30 + 327°) 


The following table contains the experimental ordinates, and those obtained 
from the preceding equations. The coincidence would have been somewhat: 
closer had the mean of the 12 equidistant ordinates been taken for the mean tem- 
perature (A), instead of the mean of the entire observations. 


* Pyrometrie, § 675. t+ Ann. de l’Observatoire de Bruxelles, iv. 169. 
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TaBLeE XVII. 
3 Freer. 
Observatory. | Experimental Garden. Craigleith. 

0| —45 —488 | —-38 —60 | —610 | —-10 —55 | —585 | —-35 
1| —675 | —671| +-04 —825 | —821 | +-04 —~77 | —7-68 | 
—7-2 —7-01 | 4-19 —845 | —857 | —.12 —7-7 | | + 04 
$| | —556! 4-19 —65 | —660 | —-10 —57 | —568 +-02 
4| —2-40 00 | —225| —238 | —-13 —1:85 | —207 | —-22 
5 | +125 | +149] +30 | +293 | —-07 +23 | -00 
+55 +522 | —-28 73 | +7421) +-12 +615 | +616 | +-01 
7| #72 | +°23 +945 | 4°15 +825 | +°25 
8| +739 | | +85 | +848 | —-02 +765 | +7°90 | +°26 
9| 452 +522) +02 | +575 | +6528 | —-47 +555 | +5°36 19 
10 | +1°8 +178} —-02 | +115 | —-10 +1-2 +°30 
ll | —1:87 | —320 | | +-35 —30 | —2-55 | 

| 6 Feer. 
0; —1-75 | —192 | —-17 —3-15 | —3-18 | —-03 | —35 |,—3-75 | —-25 
1} -35 | —364] —14 | —6526| —525| -00 | —6&7 | +-31 
2| -46 | —468 | —-08 —62 | —625} —05 |} —52 | —6&77 | —-67 
3) —-46 | —471 | —-11 —60 | —587 | | | —486 | 
4| —35 | —345 | —40 | ~—388 | +-12 | -—275 | —274 +-01 
5| —09 | —0-96 | —-06 —065 | —0-52 | | +025 | +028 | +-03 
6) +23 | 4203 | —-27 +33 +327 | —03° | +40 +350 —-50 
71 +4445 | +444) —-01 + 6-2 +616 | —04 | +58 | +587 +-07 
+525 | +537 | +:°12 +6°8 +707 | +°27 + 6-2 | +*30 
9) +48 +460 | —-20 +575 | +578 | +°03 +653 +511 | —*19 
10 | +30 +265 | —°35 +33 +297 | | +26 | —-33 
11} 00 | +027 | || -07 | —0-30 | +-40 | -—1-4 | —101 | +-39 

12 FEET. 
0| +055 | +064 | | +035 | +055 | +20. | -—10 | —095 | +-05 
1} -05 | —055 | —-05 —12 | —0-97/|. —28 | —2:88 | —-08 
| —162 +-08 —2°45 | —2:28 | +-17 | —19 
3| ~—2:35 | —231 | +-04 —3-35 | —315 | +-20 —415 | —411 | +-04 
—255 | —2-40 | | ~—3-35 | —328]| +°07 —3-25 | --308 | +-17 
5| -19 | | | —27 | —2:49| +-21 
6| —o-9 | —0-71 |} +:19 | —10 | —0-85 +°15 +095 | —-05 
71 +05 +062 | +°12 ; +1°0 +111 | +3°0 +288 | —-12 
+17 | +°07 | 4+2°74 | +-04 + +403 | +-03 

4225 | 42:38) +:13 | +325 | | +-20 +40 | 4411 | | 

10! 42:3 | 42:32 | +-02 | 43:14] 4°24 +325 | +3°:08 | —-17 
11} +17 | +168 —-02 | | +203} | +09 | 41-23 | 

24 
0| +080 | +0651 —15 | +08 | 4-92 | +-12 | +10 | +106] +-06 
1| +06 +059 | —-01 +0°7 | +°75 +05 | +02 +010 | —-10 
2) +05 +038 | +045 | | —06 | -—075 | —-13 
3) +01 +006 | 60 | | | 
4| —025 | —0-28 | | —53 | —-08 —1-85 | —1-94 | —-09 
5| —0-35 | —0-54 | —~09 | —-83 | 4-07 -1-75 | —1-:73 | +-02 
6| —06 | —0-65 | —-05 —105 | —-92 —1:05 | —1:06 | —-01 
7| —05 | —059 | —-09 —0°75 | —-75 -00 00 | —-10 
8; —025 | —0:38 | —03 -| —-39 —-09 +088 | —-12 
9| —005 | —0-06 | +005 | +°08 +°03 +176 | +163) —-12 
10 | +030 | +028 | —-02 +065 | +°53 | +19 | +194] +-04 
ll | +0-7 +0°54 | —-16 +0°8 +°83 +°03 +185 | +173} —-12 


| 
| 
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The following method of determining the absolute maxima and minima of 
the temperature curves and the epochs seems to be simpler in its application than 
those hitherto in use. 

Although the temperature-curves cannot be represented, either altogether or 
in great part, by parabolas, the summits may always be represented sufficiently 
accurately by osculating parabolas, which may, of course, be determined from three 
points of the curve, and that with the less error as these three points approach 
more nearly to the point of maximum or minimum sought. In the preceding 
cases, the ordinates of the curve are already calculated for abscissee corresponding 


to every 30°. It is easy to find, by simple inspection of the Tables, between which 


two ordinates the summit of the curve lies. It will necessarily be between those 
having the greatest values (+ or —); or, if there be two ordinates with the same 
value, it must be precisely half way between (supposing the portion of the curve 
to be parabolic). 

Let 7, /", be the two greatest ordinates (ealee- 
lated by the formula), and let 7’ be an ordinate half 
way between them (calculated from the Equations, | 
Table XVI.) Then the difference of abscisse MN, "| |) > 
N O, is in this case 15°. Let it be more generally m, : 


a number always positive. Let V P be the axis of | : 
the parabola whose position is sought; and let its M NF —% 
distance from the ordinate y’, or NP be 2x (+ if to the right hand, — if to the 


left). Then, supposing the parabola found, and the — to the vertex drawn, 
by the property of the curve, 


a.Mm=MV 
a.Nn=NV- 
a.Vo=O0V 
where a is the parameter. Or, : 
a(V P—y’) =(m+z) (1) 
8) 
Subtracting (2) from (1), 
a(y’—y)=m?+2mz 
Subtracting (2) from (3), 
Making y’—y'=A and y’—y"=B, and adding together the last two equations. 
a(A+B)=2 m? 
2 m* 


A+B 


| 

| 
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Subtracting (5) from (4 
©) 4mz=a(A—B) 


and substituting the value of @ just found 
m 
AaB 
which determines the position of the greatest ordinate, whence that ordinate may 
be deduced. 
The results are contained in the following table. 


TaBLE XVIII. 
‘MAXIMA. MINIMA. 
Eroca Eroca. 
y y & 
. | 5320 | 224° 30 | -624 | Aug. 3639 | 50°22 | | Feb. 21-0 
Experimental Garden | 55°73 | 214° 48’ A 7°0|| 37°46 50° 12’ 139 Feb. 
Craigleith .. . 54°29 50° 613 Aug. 37-96 44° 42 124 Feb. 153 
6 Feet. 
Observa 51-23 | 240° 19 668 20); 41°02 5° 47’ "211 Mar. 19°0 
Experimental Garden | 53°50 654 Aug 40-12 67° 30/ 188 Mar. 10-7 
Craigleith ... 5245 | 234° 39’ 652 Aug. 27:0); 4013 53° 00’ 147 Feb. 23-7 
12 FEET 
Observatory 48°85 | 282° 30° 785 Oct. 147|| 43°86 | 108° 58’ "303 April 21-7 
Experimental Garden| 50°23 | 275° 41’ 766 Oct. 7°7|| 43°39 | 109° 15’ °303 April 21-7 
Craigleith 50°14 | 257° 00’ 714 Sept. 18°7| 41-70 77° 00’ “214 Mar. 200 
24 Feer. 
Observatory. . . | 47°53 00 | |Jan. 60) 46-21 | 185° 00 514. | July 7°7 
Experimental Garden | 48°01 | 355° 00’ Bec. 27°0|| 4617 | 175° 00 June 27:3 
Craigleith .. . 48°01 | 303° 00’ 842 Nov. 43) 4413 | 123° 00’ 342 May 60 


These results, obtained in a different manner, may be compared with those 
in Tables VIII. and XIII. The inspection of the deviations of the annual curve 
in Plate VII., from the average results in Plate VIII., illustrates well the remark- 
able variations in the character of the seasons in these five years, and renders it 
probable that the mean effects of ordinary atmospheric temperatures throughout 
the year may be most conveniently and accurately studied, and the annual curve 
ascertained, by observations at a moderate depth in the soil. 


F. On the Influence of“ Specific Heat” on the Results. 
The quantity which we have, in page 208, called B (after M. QUETELET*) is 
equal to 
Where 7 = 3°1416, ¢ is the base of natural logarithms, and a the symbol used by 


* Annales, &c., vol. iv. p. 112. 
VOL XVI. PART II. 31 


218 PROFESSOR FORBES ON THE TEMPERATURE OF THE EARTH. 


Poisson to express the ratio mF where & is the conductivity of the soil and c is 


specific heat. Whence, if the whole quantity B be known, and c the specific heat 
be deduced from direct experiment in the laboratory, 4 may be found. [In the 
present instance, it is to be recollected that the French foot is taken as the unit.] 

M. Evie pE BEAuMONT, who has taken much interest in the experiments de- 
scribed in this paper, very obligingly requested M. ReGnautt of Paris (whose 
skill in this matter is well known) to determine the specific heat of specimens 
taken from the grounds of the Observatory, Experimental Garden, and Craigleith 
respectively ; and M. Recnautt had the goodness promptly to submit them to 
experiment, and he communicated to me the following results :— 


Specific Heat. 
Porphyry of the Calton Hill, . ‘ . 020654 
Mean, - 020620 
Sand of the Experimental Garden, _. 019432 
Sandstone of Craigleith Quarry, -  0°19257 
0°19205 


Some correction would, no doubt, require to be made for the moisture con- 
tained in the soil, but this appears difficult to apply, and probably would be in- 
considerable. The above results evidently represent specific heats referred to 
unit of weight of the body, but that referred to in the theoretical investigation, is 
taken with respect to unity of volume.* The above results require, therefore, to 
be multiplied by the specific gravities (water being the arene In each case) 


_ which I have found to be, when reduced to 60° F. 


Sand. 
Specific gravity, 2: 1:547¢ 2-408 
Whence we have specific heat referred to unit of volume, 0°5283 03006 0-4623 


P G. Final Results. 


The value of Poisson’s constant a, expressive of the ratio #8 being obtained 


from our constant B by means of the relation 


log e 


* Porsson, Théorie de la Chaleur ; Suppl., p. 4. 


+ Mean of two experiments, 1°556 and 1:538. It is evident, that since it is required to find the 
specific heat of unit of volume of the mass to be heated or cooled, we must take the aggregate of sand 
as we find it in the soil, and not the specific gravity of the individual grains. Accordingly, the specific 


gravity was determined by comparing the weights of closely packed sand and of distilled water contained 
in a stoppered phial. 
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(which is equivalent to the expression in the Theorie de la Chaleur, p. 499, Eq. (26) ), 
gives the following numerical result :— 


Trap. Sand. Sandstone. 
14124 16°137 24-750 


but if referred to the French Metre instead of foot as unity (the centigrade de- 
gree has been already employed), they become 


a 4°588 


which are comparable with Potsson’s result, 5-11655 for the Observatory of Paris. 
Now, the specific heat c having been found in the last section, we may eliminate 
it, and obtain the following numerical values of k, the conducting power of the 
strata, which it may be presumed has rarely been so accurately determined for 
any kind of matter. 
Trap. Sand. Sandstone. 
k 11-120 8-260 29°884 

There is another constant b employed by Poisson, which involves the character 
of the recipient surface of the ground as well as the interior conductivity, and 
which is determinable from the retardation of epochs by equation (27) of page 499 
of the Theorie de la Chaleur. 


where 6 and 6, are the epochs of maximum and minimum temperature at any 
given depth, reckoned from the 21st March in fractions of a year (= 1), the metre 
being also the unit. Instead of taking observations at a single depth, we may 
take the epoch for 24 French feet from the interpolating lines in Plate X., which 
represent not merely the observations at that depth, but the result of their com- 
bination with all the others. 


Trap. Sand. Sandstone. 


Yoar. Year. Year. 
Maxima at 24 F. ft., July 8.= -515 July 1. =-496 May 6.=-234 
Minima, Jan. 4.= 1-008 Dec. 26.= 4.=°841 
Mean reckoned from 1st Jan., “761 “740 “591 
Reckoned from 21st Mar.=}(0+0,) 524 875 


Substituting the values of z=7°7961 metres (24 F. ft.), and of a before found, we 
obtain 

Trap. Sand. Sandstone. 
b 0-4972 0-1007 0-0772 


M. Porsson finds for } at the Paris Observatory, the value 1:057. If we examine 
the circumstances which influence the value of b, we shall admit that its determi- 
nation in this manner is liable to so great errors as to render it almost worthless. 


| 


220 PROFESSOR FORBES ON THE TEMPERATURE OF THE EARTH. 


I shall not follow farther the application of these results, of which a and k are 
the most immediately important. In particular, 1 shall not attempt to find, with 
Poisson, the whole climateric effect of the solar influence which he deduces from 
the quantities a and b found above; both on account of the uncertainty of the 
value of b, and because I have attempted elsewhere to shew that the physical 
assumptions, upon which the great French analyst has founded the determination 
of this quantity, are exceedingly precarious.* 

I have only farther to add, that the extensive reductions and computations 
of which the results have been given in this paper, were performed under my im- 
mediate superintendence by different persons at different times. My thanks are 


_ due to Mr Broun, Mr Morrat, Mr Linpsay, and especially to Mr Greae, for their 


attention and accuracy in conducting them. ; 


EDINBURGH, June 1846. 


APPENDIX, 


Containing Remarks on the Connection of the Preceding Observations with the Theory of 


Fourier and Poisson.+ 


“ So far as the effect of SOLAR HEAT is concerned, the @ priori solution of the problem of 
the temperature of any part of the earth’s surface may be thus imagined :—(1.) The whole 
quantity of sunshine which falls on any part of the earth’s surface in the course of a year is 
to be found, and also the law of its variation of force at different seasons. (2.) The part of 
this heat which becomes effective in heating the earth’s crust is to be found by multiplying 
the amount by a constant depending upon the absorbent power of the surface. (3.) This 
quantity of heat thus reduced is propagated towards the interior, according to the laws of 
conduction, which again presuppose the knowledge of two constants proper to each soil, 
namely, the Conductivity and the Specific Heat. 

“(1.) The measure of the quantity of sunshine received by any place in a year, and its 
distribution at different seasons, has been a favourite problem with mathematicians. In ul- 
timate analysis, it depends of course on the astronomical elements which affect the progress 
of the seasons, viz., the obliquity of the ecliptic (7), the latitude of the place («), the excen- 
tricity of the earth’s orbit («), and the longitude of the sun’s perigee (@). But there are also 
elements quite as important as any of these ; the imperfect transparency of the air and its 
varying thickness, owing to differences of obliquity of the transmitted rays, and the condition 
of opacity depending on the weather. Neither of these is insignificant, neither of them 
compensatory ; both may be considered as functions of the hour-angle and fraction of the 
year, and the second is besides subjected to the most capricious changes. Yet of these ele- 


* See Second Report on Meteorology, Arts. 104, &., in the British Association Reports for 1840. 
+ Taken from the Second Report op Meteorology, British Association Report, 1840, Art. 88, &c. 
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ments theory has hitherto taken no account, and consequently the expression for the quantity 
of sunshine obtained, in terms of the astronomical constants, with so much labour, we must 
hold to be nearly useless as a physical datum. Itis vain to say, with M. Porsson, “ Les lois 
d’absorption de la chaleur solaire & travers |’atmosphere, les variations diurnes et annuelles 
sont également inconnues, et l’on peut seulement supposer gu’ elles sont peu considérables.” We 
know, on the contrary, that they are so considerable, that, estimating the loss of radiant heat 
by a vertical passage through the atmosphere at only twenty-five per cent., at an angle of 
elevation of 25° the force of the solar rays would be reduced to a half, and at 5° to one-twen- 
tieth part. We know, indeed, that the difference of the direct effect of a vertical and a hori- 
zontal sun is due to this cause alone, exaggerated, of course, immensely by the variable me- 
teorological state of the atmosphere, which again is a function of the latitude. 

“(2.) The receptive power of the surface is a datum which we find it very difficult directly 
to determine, and which, since the quantity of sunshine cannot (as we have seen) possibly be 
directly computed, must be inextricably mixed up with it. It might be a question, whether, 
by covering a tolerably extensive surface of soil, in which thermometers are inserted, with a 
composition of known superficial conductivity, this element might not become known. 

« (3.) The specific heat (c) and conductivity (&) of the soil are also inextricably mixed up 
together in the analysis; but either becoming known, the other may be inferred from ther- 
mometric observations carried below the surface. The specific heat seems that best adapted 
for laboratory experiments ; M. ELIE DE BEAUMONT has assigned 0:5614 for the value of ¢ 
(that of an equal bulk of water being=1), proper to the soil at the Observatory at Paris. 

“To obtain the conductivity of the soil @ posteriori, it is fortunately not necessary that the 
preceding theoretical estimation of the distribution of sunshine should be correct; but there 
are other estimates into which it essentially enters, and which must therefore be received 
with corresponding caution. To facilitate reference to M. Poisson’s work, I will shew how 
the simple and very satisfactory observation of maximum and minimum temperature of the 
earth's crust at given small depths (above the invariable stratum) may be made to yield a 
knowledge of some of the constants above referred to. 

“ Let the excess of the annual maximum above annual minimum temperature at a depth p 
be expressed by 4,; then 

log 4,=A+Bp | 
in which A of course denotes the log. range when p = 0 or at the surface, and B determines 
the common ratio of the geometrical progression according to which the range diminishes. 
From observations with two thermometers at different depths, A and B may be obtained a 


“ Now when we consult M. Poisson’s work, we find that his equation (23.), page 497, — 


which is equivalent to the preceding one, is thus composed. The quantity A, on which the 
superficial range depends, contains (1) astronomical constants of climate y, uw, «, # already 
mentioned ; (2) a temperature 4, depending on the mean force of the solar rays which have 
traversed the atmosphere and entered into combination with the earth's surface by absorp- 
tion at a given place ; (3) the constant of conductivity &, and of specific heat c. 


“ The coefficient B, on which the raé of diminution of the range depends, is fortunately a 


very simple quantity, involving neither astronomical constants, nor those proper to the super- 
ficies. It is, in fact, an absolute number multiplied by 8 =? and from a knowledge of it (by 
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observations with two or more thermometers) this quantity may be very readily and accu- 
rately determined ; and it affords the only unexceptionable manner of ascertaining the conduc- 
tivity of the earth’s crust on a large scale. 

* . * * 

“ The epochal retardations for the annual curves at the depth of a few feet, follow, gene- 
rally speaking, a simple law, for they are propagated uniformly downwards with a velocity 
which is easily connected with the constants proper to the soil, determined from the range at 
two given depths, as just explained. It must not be concluded, however, that the epochs of 
earth-temperature at the surface coincide with those of air-temperature in the adjoining 
stratum. The difference of epoch may be obtained in terms of the conductivity and superfi- 
_ cial characters of the solid stratum. But the complete expression for the epoch at any depth 
in terms of the dates of maximum and minimum at some other depth, and of the constants of 
conductivity and surface, derived from two observed ranges, is so complex, that, so far as I 
_ know, no attempt has been made to verify M. Poisson’s formule except in a single example 
by himself, taken from M, ARAGO’Ss observations.” 
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TABLES. 


t, denotes the deepest, or 24 feet Thermometer, #, at 12 feet, t, at 6 fect, t, at 3 feet (French Measure) ; /, at the 
surface of the ground; 7’, the temperature of the air in the Thermometer box, 


OBSERVATORY. 
Cor. | Cor t | t, Cor. | Cor t, | t, Cor. | Cor | t Cor | Cor | t 
tes. for for for for care for | for or for t. 
wected. Col. | Air. | rected. || rected. | COl- | Air. | pated. “rected. Col. | Air. | rected. Fected. Col. | Air. rected. 
| 
48-10 (4-03 48-15 | 45-93 |+-01|+-01 | 45-95 | 42-06 | -00| -00/ 42.06 | 39-11 | -00/--02 39.09 | | 
13 47-98 +-03 +-03 | 48-04 | 45-59 | +-02/ 45-62 42.00 +-O1 42-01 | 40-54 40-57 | 
20 47-87 +-02| 47-92 | 45-37 |+-01 |+-01 45-39 | 42.17 00 | 42-17 | 40-89 —-01 40-88 | 
97 47-79 +-02 47-84 | 45-22 |+-01| -00/ 45-23 | 42-05 ~-01 | 42-04 38-90 —-03 38-87 
6 47-73 |+-03 |—-01 | 47-75 | 45-09 |+-01 |—-02| 45-08 | 41-68 ~-03 | 41-65 | 39-39 —-07 , 39-92 
13. 47-63 |+-03| -00/ 47-66 | 44-94 |+-01|—-01 | 44-94 | 41-66 — -02 | 41-64 || 39-40 — 05 | 39-35 
20 47-52 |+-03 |+-03 | 47-58 || 44-75 |+-01|+-01 | 44-77 | 41-28 -00 | 41-28 | 38-08 —-O1 38-07 
97 47-42 |+-01 | 47-46 | 44-59 |+-01 | +-02/ 44-62 | 40-90 + -02| 40-92 | 37-49 + -02 | 37-51 
47-34 |4+-03 47-41 | 44-42 | 4-01 | +-02| 44-45 | 40-49 +-02| 40-51 | 37-11 +-OL 37-12 
10 47-29 |+-03 |+-01 | 47-33 || 44-26 |4+-01| -00/ 44-27 | 40-32 —-01 | 40-31 | 37-69 —-04 | 37-65 
17 47-22 |+-03| -00/ 47-25 || 44-08 |+-01 |—-01 | 44-08 | 40-45 ~ -02 | 40-43 | 38-72 —-04 | 38-68 | 
4 47-12 |4-03 |+-01 | 47-16 || 43-87 |+-01| -00/ 43-88 || 40-76 —-01 | 40-75 | 40-09 ~ -03 | 40-06 
1 47-05 |4+-03|—-02| 47-06 || 43-83 | -00|—-02/ 43-81 | 41-37 ~-04| 41-33 | 41-73 08 | 41-65 | 
8 46-96 |+-02| -00| 46-98 || 43-82 | -00| -00/ 43-82 | 42.10 -02 | 42-08 | 43-13 —-02 43-11 
15 46-92 |4+-02|~-04 46-90 43-90 | 43-87 | 42-72 —-07 | 42-65 | 43-23 43-10 
22 46-82 |+-02|—-01 | 46-83 || 44-00 | -00|-—-01/ 43-99 | 43-38 —-03 | 43-35 45-31 —-05 | 45-26 | 
29 46-78 |+-01 |—-05 | 46-74 || 44-16 | -00|—-04/ 44-12 | 44-21 —-09 | 44-12 || 46-57 —+15 | 46-42 | 
v 5 46-70 |+-01|—-03 | 46-68 || 44-35 | -00|—-03/ 44-32 | 44.94 —-07 | 44-87 || 47-42 —-10 | 47-32 | 
12 46-65 |+-01|-—-06| 46-60 | 44-60 | -00|—-05 44-55 || 45-81 —+13 | 45-68 | 48-69 —-20 48-49 
19 46-58 | -00|~-07/ 46-51 || 44-88 |—-01|—-04/ 44-83 | 46-80 ~+14| 46-66 | 50-99 —-10 | 50-89 
9% 46-55 | -00|—-05/46-50 || 45-18 |—-01|—-05 | 45-12 || 47-79 —-+13| 47-66 | 52-69 —+17 | 52-52 
3/4653 |—-01 |—-07 | 46-45 || 45-55 |—-01 |—-06 | 45-48 || 48-85 ~-15| 48-70 || 53-46 —+19 | 53-27 
10 46-52 |—-01|—-08 | 46-43 || 45-98 |—-01 |—-08 | 45-89 | 49:87 ~ -21 | 49-66 
17, 46-49 |—-01 | | 46-42 || 46-44 |—-01 |—-07 | 46-36 || 50.98 — +16 | 50-82 
24 46-48 |~-01 |—-06/ 46-41 | 46-82 |—-01 |—-06 | 46-75 | 51-50 ~ -13| 51-37 
31 46-49 |—-02|-—-03 | 46-44 | 47-32 |—-01 |—-04 | 47-27 || 51-79 ~ -06 | 51-73 
46-53 |--02|—-06 | 46-45 || 47-78 |—-01 |—-07 | 47-70 |, 51-90 ~+12| 51-78 || 53-88 —+15 53-73 
14 46-59 |—-02|—-06 | 46-51 || 48-10 |—-01 |—-08 | 48-01 | 51-87 —-15| 51-72 | 54-66 — +20 | 54-46 
21 46-65 |—-02|—-05| 46-58 | 48-38 |—-01|—-07| 48-30 | 52-23 —-10| 52-13 | 
28 46-70 |—-02|—-03 | 46-65 | 48-60 |—-01|—-04| 48-55 | 52-49 — -05 | 52-44 | 54-40 —-04 | 54-36 
4. 46-78 |—-02|—-03| 46-73 || 48-87 |—-01 | —-04 | 48-82 | 52-11 — -05 | 52-06 || 52-67 —-05 | 52-62 
46-86 |—-02|~-03| 46-81 ||49-05 | -00|—-03)| 49-02 | 51-60 — -03 | 51-57 || 52-25 52-21 
18| 46-96 |~-02|~-04/ 46-90 ||49-21 | -00|—-05 | 49-16 | 51-41 —-07 | 51-34 || 51-48 —-10 | 51-38 
25 47-06 |—-02|—-04/| 47-00 || 49-27 | -00|—-05 | 49-22 || 51-20 —-08 | 51-12 || 52-12 —-10 52-02 | 
2 47-16 |—-02|—-04/ 47-10 || 49-35 | -00|—-07 | 49-28 || 51-09 —-11| 50-98 || 51-10 —+15 | 50-95 
9 47-24 |—-01 |—-04 | 47-19 || 49.34 | -00|—-04| 49-30 || 50-91 —-07 | 50-84 || 51-80 —-09| 51-71 | 
16 47-33 |—-01|-—-05 | 47-27 || 49-37 | -00|—-05/ 49-32 || 50-88 —-08| 50-80 | 50-84 50-73 
23 47-38 |—-01|~-01 | 47-36 ||49-34 | -00| -00/ 49-34 | 50-49 -00 | 50-49 | 50-28 -00 | 50-28 | 
30 47-43 |—-01/+-01 | 47-43 || 49-30 | -00|+-02| 49-32 || 49-86 +-02/49-88 | 47-30 +-02 | 47-32 | 
6 47-50 |—-01|+4+-02/ 47-51 || 49-25 | -00|+-03/ 49-28 || 48-72 + 05| 48-77 || 45-05 +-03 | 45-08 
47-57 |—-01|+-03/ 47-59 || 49-09 | -00|+-04/ 49-13 || 47-88 +-05| 47-93 45-73 +-06 | 45-79 
20 47-63 | -00|+-03/ 47-66 || 48-86 | -00/+-04/| 48-90 || 47-15 +-05 | 47-20 || 43-47 +-02 | 43-49 
27 47-69 | -00\+-03/ 47-72 | 48-62 | -00|+-04/| 48-66 || 46-42 +-04| 46-46 || 43-35 +-03 | 43-38 
e 4 47-74 |4+-01|+-03 | 47-78 || 48-35 |+-01 |+-04 | 48-40 || 45-80 +-04 | 45-84 | 42-75 +-03 | 42-78 | 
11 47-76 |+-01 |4-04| 47-81 || 48-05 |+-01/+-05 | 48-11 || 45-21 +-05 | 45-26 || 41-70 +04 41-74 
18: 47-82 |4+-01|—-01 | 47-82 | 47-82 | |—-01 | 47-82 | 44-72 +-03 | 44-75 | 41-80 —-07 | 41-73 
| #724 +-O1 |—-01 | 47-84 || 47-45 |+-01|—-01 | 47-45 || 44-41 +-03 | 44-44 || 42-79 — +05 | 42-74 | 
47-82 |+-01/+-01| 47-84 || 47-24 | -00|+-01! 47-25 || 44-80 00 | 44-80 || 43-65 -00 | 43-65 
47-79 +-01|+-05 | 47-85 || 47-02 | -00|+-05| 47-07 || 44-70 +-06 | 44-76 || 42-50 +-07 | 42-57 
15 | 47-76 |4+-01|+-06| 47-83 || 46-86 |+-01|+-05 | 46-92 || 44-10 +-06 | 44-16 || 40-20 +-06 | 40-26 
22) 47-75 |4+-02|+-04| 47-81 || 46-70 |+-01|+-03 | 46-74 || 43-30 +-02| 43-32 || 38-88 -00 | 38-88 
29) 47-71 |4+-02|+-05 | 47-78 || 46-41 |+-01|+-04 | 46-46 | 42-41 +-03 | 42-44 || 37-80 + -02 | 37-82 
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t, | Cor. | Cor. | ¢, t, | Cor. | Cor.| ¢, t, | Cor. | Cor.| ¢, t, | Cor. | Cor. | ¢, | 
Dates uncor- | for | for core |i uncor- | fr | for cor- || uncor-| for | for cor- || uncor-| for | for | oop. t, 
rected, | Col. | Air. | nected. || rected. | | | rected. Col. | Air. | rected. || rected. | Col. | Air. | recteg || 
1838. ° ° ° 
Feb. 5 || 47-69 |4+-02 +-04/ 47-75 || 46-14 |4+-01/+-03| 46-18 || 41-79 | -00|+-02/41-81 ||37-50 | -00/ 37-50 
12 || 47-61 |+-03 | +-06| 47-70 || 45-64 |+-01|+-04| 45-69 || 40-99 +-03 | 41-02 || 36-81 — -02 | 36-79 | 
19 | 47-58 |+-03 | 4-05 47-66 || 45-43 |+-01 |+-03 | 45-47 || 40-65 + -02 | 40-67 || 35-80 00 | 35-80 |) 
26 | 47-51 |4+-03 | +-06 | 47-60 || 45-13 |+-01 |+-04| 45-18 || 40-17 40-20 35-75 | |4-02/35-77 
Mar. 5 47-47 |+-03 | +-02 | 47-52 || 44-75 |+-01 | 44-77 || 39-60 -00 | 39-60 || 35-70 —-02/35-68 | 
47-41 |4+-03|+-01 | 47-45 | 44-43 |+-01| -00/ 44-44 || 39.60 —-01 | 39-59 || 37-10 — -04 | 37-06 
19 47-34 | +-03 | 47-38 | 44-17 |+-01| -00/ 44-18 | 40-06 —-01 | 40-05 || 38-25 38-22) | 
26 || 47-25 |+-03|+-01 | 47-29 | 43-97 |+-01| -00) 43-98 || 40-21 —-01 | 40-20 || 37-78 — 03 | 37-75 | 
Apr. 2)|47-16 |+-03|+-01 | 47-20 43-85 |+-01| -00/ 43-86 || 40.46 —-01 | 40-45 || 39-52 — -02 | 39-50 
9 47-05 |+-03| -00/ 47-08 | 43-69 | -00/ 43-69 ||40-75 |. |--02) 40-73 || 39-91 —-04/ 39-87 | | 
16 || 46-96 |+-03 | +-02/47-01 || 43-68 | 43-69 || 41-15 -00 | 41-15 || 40-89 -00 | 40-89 
23 || 46-88 |4+-03|+-01 | 46-92 || 43-68 | -00| -00/43-68 ||41-37| . |—-01| 41-36 || 40.22 — -03 | 40-19 | 
30 | 46-80 |+-03 |—-01| 46-82 || 43-70 | -00|—-01 | 43-69 || 41-59 —-03 | 41-56 ||41-00 | —-07 | 40-93 39.805 
May 7 | 46-75 |+-02|—-02| 46-75 ||43-73 | -00/—-03 | 43-70 || 41-95 —-08 | 41-87 || 42-58 | — +15 | 42-43 47-59 
14 || 46-64 |+-02| -00| 46-66 ||43-75-| -00|—-01 | 43-74 || 42-80 — -02 | 42-78 || 44-55 —-03 | 44-52 | 41.95 
21 || 46-57 |4+-02|—-02| 46-57 || 43-88 | -00|—-02/ 43-86 || 43-37 — -04 | 43-33 || 44-02 —-09 | 43-93 | 46-80 
29 || 46-46 |+-01 |—-01| 46-46 || 44-05 | -00|—-01 | 44-04 || 43-85 — -03 | 43-82 || 45-31 —+04 | 45-27 47-0 
June 4 | 46-43 |+-01|—-04| 46-40 || 44-21 | -00|—-03/| 44-18 || 44-44 — -07 | 44-37 || 46-09 —+14| 45-95 | 50-40 
11 || 46-37 |+-01|—-03 | 46-35 || 44-38 | -00|—-02| 44-36 || 45-11 —-06 | 45-05 || 47-29 —-09 | 47-20 | 50-40 § 
18 || 46-29 | + -01|—-O1 | 46-29 || 44-62 | -00|—-01| 44-61 | 45-78 —-03 | 45-75 || 48-51 —-02 | 48-49 | 51.25 § 
25 | 46-26 | -00|/—-06| 46-20 || 44-87 | -00 —-05 | 44-82 || 46-57 —-+12/ 46-45 || 49-58 — +21 | 49-37 ||55.35 
July 2 46-24 | -00|—-01| 46-23 || 45-15 | 45-13 || 47-36 —-03 | 47-33 || 50-82 —-01 | 50-81 | 51-609 
4 46-25 |—-01 |—-05| 46-19 || 45-50 |—-01 | —-06 | 45-43 || 48-20 —-12)| 48-08 || 52-38 — +19) 52-19 59.0 
16 | 46-25 |—-01|—-05 | 46-19 || 45-83 |—-01|—-06 45-76 || 49-10 —-12 | 48-98 || 53-26 —+17| 53-09 | 56.60 
24 | 46-24 |—-01 |—-04| 46-19 || 46-24 |—-01 |—-05 | 46-18 || 49-66 —+11 | 49-55 || 52-53 —+15| 52-38 ||52.004 
30 || 46-26 |—-01 | | 46-20 | 46-57 |—-01 |—-06 | 46-50 || 49-84 —-+12/ 49-72 || 52-39 —+18| 52-21 ||55.20 
Aug. 6 | 46-28 |—-01 |—-05| 46-22 || 46-88 |—-01 | 46-81 || 50-14 —-+12/| 50-02 || 53-37 —+17| 53-20 | 57-201 
13 | 46-32 |—-01 | ~-04 | 46-27 || 47-17 |—-O1 |—-05 | 47-11 || 50-55 —-10 | 50-45 || 53-44 —+12| 53-32 |/54-606 
20 | 46-36 |—-02|~-04 | 46-30 || 47-45 | --01|—-05| 47-39 || 50-70 +10 | 50-60 || 53-11 —+12| 52-99 55-20 6 
27 46-43 |—-02|—-06 | 46-35 || 47-74 |—-01|—-08 | 47-65. || 50-84 —-+15 | 50-69 || 52-50 — +24 | 52-26 56-75 
Sept. 3 | 46-47 |—-02|—-04/ 46-41 || 47-93 | -00|—-05| 47-88 | 50-76 —-08 | 50-68 || 52-50 — +12) 52-38 
10 || 46-53 |—-02|—-03 | 46-48 || 48-12 | -00|—-04/| 48-08 || 50-70 —-05 | 50-65 || 51-04 —-08 | 50-96 48-00 
17 | 46-60 |-—-01 |—-04| 46-55 || 48-27 | -00|—-04 48-23 || 50-31 — -06 | 50-25 || 51-78 — +07 | 51-71 
24 | 46-68 |—-01|—-04 | 46-63 || 48-39 | -00|—-05 | 48-34 || 50.42 — -08 | 50-34 || 51-20 —-+11| 51-09 |/51-40% 
Oct. 1 | 46-76 |--01 |—-04| 46-71 || 48-49 | -00 —-05 | 48-44 || 50-30 —-09 | 50-21 || 51-29 —+12| 51-17 ||52-40 
8 | 46-83 |—-01 |—-03| 46-79 || 48-54 | -00|—-04) 48-50 || 50-10 — -06 | 50-04 || 49-71 —+11| 49-60 | 48-00 # 
15 || 46-89 |—-01 |—-02 | 46-86 ||48-57 | -00|—-03| 48-54 | 49.59 —-03 | 49-56 || 48-06 —-07 | 47-99 ||46-00 3 
22 | 46-98 |—-01|—-03 | 46-94 || 48-58 | -00 —-04 48-54 || 48.96 —-08 | 48-88 || 47-81. — +12 | 47-69 
29 || 47-00 |—-01 |+-01| 47-00 || 48-46 | -00 +-02/ 48-48 || 48-70 +-03 | 48-73 || 48-09 + -05 | 48-14 | 40-60 
Nov. 5 || 47-07 |—-01/+-01| 47-07 ||48-39 | -00 +-02/ 48-41 || 48-16 +-03 | 48-19 || 45-64 +-01 | 45-65 
12||47-13 | 47-16 || 48-29 | -00/+-04 | 48-33 || 47-35 +-05 | 47-40 || 44-80 +-05 | 44-85 |35-70 
19 || 47-19 | -00/+-02| 47-21 ||48-14 | -00 +-03 | 48-17 || 46-61 +-03 | 46-64 || 43-29 + -02 | 43-31 ||35-70 
27 || 47-22 |+-01 |+-05 | 47-28 || 47-86 |+-01 +-06 | 47-93 || 45-57 +-08 | 45-65 || 41-85 +-08 | 41-93 | 31-508 
Dec. 3 |47-29 |+-01| -00| 47-30 || 47-69 |+-01| -00 47-70 || 45-00 —-02 | 44-98 || 42-52 — -06 | 42-46 (42-304 
10 (47-32 |+-01| -00/| 47-33 ||47-41 | -00| -00/47-41 || 44-91 —-01 | 44-90 || 42-55 —-04 | 42-51 | 41-254 
17 | 47-34 |+-01|+-02| 47-37 ||47-15 | -00|+-03 | 47-18 || 44-68 +-03 | 44-71 || 42-13 4-02 | 42-15 ||38-10 
24 | 47-35 |+-01 |+-02| 47-38 || 46-92 |+-01 +-02| 46-95 || 44-22 +-01 | 44-23 || 41-30 —-01 | 41-29 |/38-70 
31 | 47-34 |+-01 |+-03 | 47-38 || 46-71 |+-01 +-02) 46-74 || 43-80 +-02 | 43-82 || 41-04 + -02 | 41-06 || 35-40 
1839. | 
Jan. 7 | 47-33 |+-01|+-03 | 47-37 || 46-47 |+-01 |+-03 | 46-51 || 43-50 + -02 | 43-52 || 40-57 + -02 | 40-59 || 36-00 
14 || 47-32 | + -02 | +-03 | 47-37 || 46-25 |+-01 |+-02 | 46-28 || 42-99 +-02 | 43-01 || 40-10 +-O1 | 40-11 |/37-30 8 
21 | 47-29 |+-02|+-03 | 47-34 || 46-02 |+-01 |+-03 | 46-06 || 42-61 +-03 | 42-64 || 39-03 +-01 | 39-04 | 34-005 
28 | 47-26 |+-02|+-04 | 47-32 || 45-78 |+-01 |+-03 | 45-82 || 42-12 +-03 | 42-15 || 38-85 + -03 | 38-88 |31-75 
Feb. 4 | 47-24 |+-02|+-01 | 47-27 || 45-54 |+-01|+-01 | 45-56 || 41-68 —-01 | 41-67 || 37-63 — -04 | 37-59 | 34-20 # 
47-22 |+-02) -00/ 47-24 || 45-30 |+-01 |—-08 | 45-31 || 41-34 —-01 | 41-33 || 39-21 — -05 | 39-16 || 39-50 # 
18 47-14 |+-02!+4-04 | 47-20 || 45-02 |+-01/+-03 | 45-06 || 41-55 +-02 | 41-57 || 39-31 +-03 | 39.34 || 32-00 
25 | 47-09 |+-03 | +-02| 47-14 || 44-83 |+-01|+-01 | 44-85 || 41-30 00 | 41-30 || 38-30 | — -02 | 38-28 |) 34-10) 41 
Mar. 4/|| 47-04 |+-03 |+-02| 47-09 || 44-66 |+-01|+ -01 | 44-68 || 41-09 -00 | 41-09 || 38-97 ~ -02 | 38-95 | 36-60 
11 || 46-97 |+-03 | 4-02 | 47-02 || 44-48 |+-01|+4-01 | 44-50 || 41-03 -00 | 41-03 || 37-85 — | 37-83 || 31-20 
18 | 46-90 |+-03 |+-02 | 46-95 || 44-30 |+-01|+4-01 | 44-32 || 40-65 -00 | 40-65 || 38-42 —-01 | 38-41 |/33-60 
46-84 |+-03|+-01 | 46-88 |, 44.12 |+-01| -00/ 44-13 || 40.69 —-01 | 40-68 || 38-86 — -03 | 38-83 36-29 
Apr. 1 46-75 |+-03|+4-02| 46-80 || 43-95 |+-01|+-01 | 43-97 || 40-80 -00 | 40-80 || 38-92 00 | 38-92 |/35-50)3 
+-03|—-01 | 46-74 || 43-85 |4-01 |—-01 | 43-85 || 40-72 — -03 | 40-69 || 38-30 — -08 | 38-22 
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OBSERVATORY. 225 
| t, t, ts t, | Cor. | Cor. | 
or for for for 
| | Als. | | Gat. | ais. | || | | ats. | | | | | 
° ° 
46.63 |+-03| 46-66 || 43.74 |+-01 |—-01| 43-74 || 40-68 | .00|—-02| 40-66 || 39-98 | -00|-—-06 | 39-92 ||41-60) 48-0 
99 | 46-57 +°03|—-02 | 46-58 || 43-65 | -00|—-01 | 43-64 || 41-26 —-03 | 41-23 || 41-00 ~+10 | 40-90 |'43-80! 51-4 
99 46-51 °02|—-02 | 46-51 | 43-63 -00 | — -02 | 43-61 || 41-89 —-05 | 41-84 || 42-68 —-11 | 42-57 53-8 
§ 46-41 +°02| 46-43 43-65 | -00| 43-65 || 42-67 —-01 | 42-66 || 44-50 —-01 | 44-49 |43-60) 45-6 
13 46-34 |+°01| 46-35 || 43-76 | -00| -00)| 43-76 || 43-33 — 01 | 43-32 || 44-32 —-01| 44-31 |'44-50) 45-6 
9) 46-30 |+°01 |—-03 46.28 | 43-93 | -00|/—-02/ 43-91 || 43-60 —-07 | 43-53 || 44-18 ~+13| 44-05 | 48-60) 57-6 
97 46-26 |+-01 —-05 | 46-22 ||44-10 | -00|—-04 | 44.06 || 44-09 —+10| 43-99 || 45-57 ~ +20 | 45-37 | 51-60/ 64-0 
3 46-18 |\+-01|—-02 46-17 44-24 | 44-22 || 44-80 — -04 | 44-76 || 47-21 — -06 | 47-15 | 48-20/ 51-9 
10 46-15 |—-04| 46-12 || 44-45 | -00)—-03 | 44-42 || 45-57 —-08 | 45-49 || 48-64 —-14 | 48-50 ||53-80) 59-9 
1746-13 | -00|—-06| 46-07 ||44-71 | -00|—-05 | 44.66 || 46-42 —+14| 46-28 || 49-54 — +25 | 49-29 | 58-10) 68-8 
4 46-06 |—-O1|—-05 | 46-00 || 44-99 |—-01 | —-04 | 44.94 || 47-65 —+11 | 47-54 || 51-72 —-15| 51-57 || 55-00) 63-0 
46-06 |\—-01 —-06 | 45-99 || 45-36 |—-O1 | —-06, 45-29 || 48-32 —-14| 48-18 || 51-04 —-22/ 50-82 ||53-50) 67-5 
46-06 |—-01|—-07 | 45-98 || 45-72 |—-O1 | —-07 | 45-64 || 48-76 —-16}48-60 || 52-69 —-26 | 52-43 70-0 
15 46-04 |—-01 |—-04 | 45-99 || 46-05 |—-O1 |—-05 | 45-99 || 49-49 —-10| 49-39 || 53-00 —-14| 52-86 ||54-40) 61-7 
9 46-05 |\—-01|--05 | 45-99 || 46-42 |—-O1 | —-06 | 46.35 || 49-87 —-11 | 49-76 || 52-81 —-15 | 52-66 | 56-20) 63-2 
29 46-09 |—-02|—-05 | 46-02 || 46-76 |—-01 | —-06 | 46-69 || 50-19 ~-13| 50-06 || 53-48 —-19| 53-29 | 56-70) 65-1 
5 46-14 |—-02|—-06 | 46-06 || 47-01 |—-01 |—-08 | 46-92 || 50-62 —+16| 50-46 || 54-12 —-22 | 53-90 ||58-00) 68-3 
12 46-16 |\~-02,—-04 | 46-10 || 47-35 |~-01 |—-05 | 47-29 || 50-99 — -08 | 50-91 || 53.90 —-09 | 53-81 | 54-30) 60.2 
19 46-19 |—-02|—-01 | 46-16 || 47-62 |—-O1 |—-01 | 47-60 || 51-02 +-01/51-03 || 52-63 +-05 | 52-68 | 49-70! 49-8 
% 46-27 |—-02|—-04 46-21 || 47-89 |—-O1 |—-05 | 47-83 || 50-82 — -08 | 50-74 || 52-58 — +10! 52-48 |/54-40! 59-9 
2 46-33 |—-02|—-04 | 46-27 || 48-07 |—-01 | —-06 | 48-00 || 50-81 —-09| 50-72 || 52-50 —-12 | 52-38 | 53-40) 60-9 
9 46-40 —-02|—-04 | 46.34 || 48-24 | -00|—-05 | 48-19 || 50-83 —-07 | 50-76 || 52-29 —-10/ 52-19 | 54-20) 59-0 
16 46-49 |—-02|—-03 | 46-44 || 48-36 | -00|—-04 | 48-32 || 50-79 —-05 | 50-74 || 51-51 —-09 | 51-42 |52-00) 57-2 
93 46-58 |—-02|—-04 | 46-52 || 48-50 | -00|/~—-05 | 48-45 || 50-55 — -08 | 50-47 || 51-03 —-13 50-90 | 50-50) 59-8 
30 46-65 |—-02|—-03 | 46-60 || 48-56 | -00|—-04 | 48-52 || 50-28 — -06 | 50-22 || 50-61 —-08 | 50-53 ||49-20) 57-0 
7 46-72 |\—-01|—-03 | 46.68 || 48-60 | -00|—-04 | 48-56 || 49-89 — -05 | 49-84 || 48-75 —-09 | 48-66 46-40) 56-1 
1446-79 |\—-01|—-02 | 46-76 || 48-59 | -00|—-02 | 48-57 || 49-30 —-03 | 49-27 || 49-02 —-05 48-97 | 48-50) 53-0 
21 46-88 |—-01|—-03 | 46-84 || 48-55 | -00|)—-03 | 48-52 || 49-10 —-05 | 49-05 || 48-10 — +10) 48-00 ||45-80) 55-8 
28 46-94 |—-01|—-01| 46-92 ||48-49 | -00| -00) 48-49 || 48-70 ‘00 | 48-70 || 48-05 00 | 48-05 ||43-60) 48-5 
446-99 |--01| -00/ 47-00 ||48-39 | | 48-40 || 48-23 +-01 | 48-24 || 46-52 +-01 | 46-53 | 44-00 46-0 
11 47-06 | | 47-05 || 48-31 | -00|—-O1 | 48-30 || 47-74 —-01 | 47-73 || 46-30 —-05 | 46-25 45-00) 49-9 
18 47-11 | -00/47-11 ||48-18 | -00/ 48-18 |) 47-42 -00 | 47-42 || 46-31 —-01 46-30 ||43-90) 47-0 
25 47-14 | -00\+-03/ 47-17 ||48-02 | -00|+-03 48-05 || 47-11 +-05 | 47-16 || 45-12 + -07 | 45-19 ||39-50) 39-6 
2 47-17 | -00|+-04| 47-21 ||47-87 | -00|+-05 | 47-92 || 46-30 + -06 | 46-36 || 42-99 +-06 | 43-05 | 34-80) 36-0 
9 47-20 |+-01|+-G4 47-25 || 47-68 |+-01|+-05 | 47-74 || 45-44 +-06 | 45-50 || 41-60. +-05 | 41-65 ||33-50) 35-9 
16 47-24 |+-01 |4+-02 | 47-27 || 47-45 |+-01 |+-03 | 47-49 || 44-61 + -02 | 44-63 || 41-59 +-O1 41-60 ||38-50 40-7 
23 47-28 |+-01|+-01 | 47-30 || 47-18 |+-01} 47-19 || 44-30 —-01 | 44-29 || 42-14 —-04 42-10 |/42-00) 45-7 
31 47-28 |+-01 +-02| 47-31 || 46-86 |+-01 |+-02 | 46-89 || 44-14 +-01 | 44-15 || 40-63 —-01 | 40-62 ||37-40| 42-0 
40. || 
6 47-27 |+-01 |+-04 | 47-32 || 46-65 | +-01 | +-04) 46-70 || 43-60 + -04| 43-64 || 40-66 +-04 40-70 | 33-00) 36-0 
13 47-29 |+-02| 47-31 ||46-44 |+-01| 46-45 || 43-16 —-02 | 43-14 || 40-08 -06 | 40-02 | 41-80 47-0 
20 47-25 |+-02 | +-02 | 47-29 || 46-18 |+-01 | +-02| 46-21 || 43-07 +-01 | 43-08 || 41-02 00 | 41-02 | 36-50) 40-6 
27 47-22 |+-02 |+-04| 47-28 || 45-91 |+-01 | +-03 | 45-95 || 42-90 +-04 | 42-94 || 40-49 +-05 40-54 | 33-00 34.9 
347-20 |+-02 +-03 | 47-25 || 45-72 |+-01 | +-02 | 45-75 || 42-44 +-01 | 42-45 || 39-10 00 39-10 36-20 39-5 
1! |47-17 |+-02| 17-19 ||45-48 |+-01| 45-49 || 42-08 —-02 | 42-06 || 39-59 —-05 39-54 37-40 45-8 
17 47-13 | +-02 | +-02 | 47-17 || 45-30 |+-01 |+-01 | 45-32 || 42-05 +-01 | 42-06 || 40-29 —-O1 40-28 40-00) 41-5 
24 47-08 |+-02|+-02 47-12 || 45-10 |4+-01|+-01 | 45-12 || 42-06 | 42-07 || 39-14 —-01 39-13 | 33-40 39-9 
247.02 |+-03 +-02 | 47-07 || 44-95 |+-01/+-01 | 44-97 || 41-59 -00| 41-59 || 38-25 —-02 38-23 32-80) 41-3 
9 47-01 |+-03|--03| 47-01 || 44-81 |+-01 | —-02 | 44-80 || 41-24 —-05 | 41-19 || 38-40 38-27 38-90! 56.0 
16 46-91 +-03 |+-01/ 46-95 ||44-59 |+-01| 44-60 || 41-26 —-O1 | 41-25 || 40-21 —-04 40-17 40-40) 44.9 
23 | 46-84 |4+-02|+-04 | 46-90 || 44-42 |4+-O1 |+-02 | 44-45 || 41-67 +-02 | 41-69 || 40-45 +-03 40-48 36-60) 36-3 
39 46-79 |+-02| -00)46-81 ||44-34 | -00| -00/ 44-34 || 41-76 — -02| 41-74 || 40-70 —-05 40-65 42-50) 46-4 
. 6 46-72 |+-02 +-01/ 46-75 ||44-26 | -00| -00| 44-26 || 42-08 —-01 | 42-07 || 41-46 ~-03 41-43  41-20/ 44.0 
13 | 46-69 | + -02 | —-04 | 46-67 || 44-26 | -00}—-03 | 44-23 || 42-33 —-06 | 42-27 || 42-39 —-15 42-24 46-20) 58-2 
20 | 46-62 | +-02|—-03 | 46-61 || 44-24 | -00)}—-03| 44-21 || 42-90 —-06 | 42-84 || 43-63 —-13 43-50 |46-30) 56-3 
27 46-58 |+-01|~-05 | 46-54 |} 44-30 | -00|—-04 | 44-26 || 43-58 —-+10| 43-48 || 45-79 —-20 45-59 53-40! 64-0 
5) 46-47 |4+-01!+ 46-49 || 44-40 | -00| 44-40 || 44-73 +-O1 | 44-74 || 47-71 +-05 47-76 |46-20' 44-0 
| 46-40 |+-O1 |+-01 | 46-42 || 44-55 | -00| -00/ 44-55 || 45-31 +-01 45-32 || 45-72 +-02 45-74 ||40-00) 43-5 
18 46-35 |+-01!—-01| 46-35 ||44-80 | -00|—-01| 44-79 || 45-10 —-02/ 45-08 || 45-42 ~.03 45-39 ||42-70) 48-6 
25 | 46-32 |+-01 —-02| 46-31 ||44-97 | -00|—-02/ 44-95 || 45-10 — -04 | 45-06 || 46-03 —.08 45-95 |48-80) 53-5 
1) 46-31 |4+-01 —-05 | 46-27 || 45-10 | -00|—-05 | 45-05 || 45-55 —-11| 45-44 || 47-15 —-21 46-94 |54-60! 63-9 
8| 46-29 | .00|=-07 | 46-22 || 45-24 | -00|)—-07| 45-17 || 46-25 —-15/ 46-10 || 48-50 —-28 48-22 |54-20! 70-0 
15) 46-25 00 —-04| 46-21 || 45-40 | -00|—-04/ 45-36 || 46-91 —-09 | 46-82 || 49-59 
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226 OBSERVATORY, 
t Cor. | Cor. Cor. | Cor. Cor. | Cor. | Cor, | Cor. . 
Dates. for for for | for for | for | for | for tif tes. 
rected. Col. | Air. rected. || rected. Col. | Air. rected. || rected. Col. | Air. rected. | rected.| Col. Air. rected. , ion 
1840. ° ° © ° ° ° | ° ° sil. | 
June 22 || 46-24 | -00|—-04/ 46-20 || 45-62 | -00|—-04) 45-58 || 47-42 —-08 | 47-34 ||49-70 | .00|—-13/ 49-57 | 53.59 46 
29 || 46-26 |—-01|—-05/| 46-20 || 45-89 | -00|—-05 | 45-84 || 47-79 —-12 | 47-67 || 50-02 —-21/ 49-81 | 55.96 4 
July 46-22 |—-01 |—-03| 46-18 || 46-09 | -00|—-03' 46-06 || 48-25 —-06 48-19 | 50-60 — -07 | 50-53 | 51.70: 13 4¢ 
13 || 46-26 |~-01 |—-05 | 46-20 || 46-36 |—-01 |—-06 | 46-29 || 48-63 —-12/| 48-51 || 50-98 — -18 | 50-80 | 59.% 20 4¢ 
20 || 46-26 |—-01|—-04/| 46-21 || 46-59 |—-01 | —-04 46-54 || 48-99 —-08 | 48-91 | 51-43 —+13 | 51-30 | 55.7% 97 4¢ 
27 || 46-31 |—-01 |—-07 | 46-23 || 46-84 |—-01 | —-08 | 46-75 || 49-42 —+17 | 49-25 || 51-87 — | 51-61 | 57-40% 4) 4 
Aug. 46-33 |—-01 |—-06 | 46-26 || 47-06 |—-01 |—-07 46-98 || 49-75 —-+13 49-62 || 52-43 —-21 | 52-22 5750 4 
10 46-36 |—-02 | —-04 | 46-30 || 47-28 |—-01 | —-06 | 47-21 || 50-20 ~.10 | 50-10 || 53-95 —-13 | 53-82 | 60.04 47 
18 || 46-41 | |—-05 | 46-34 || 47-59 |—-01 |—-07 | 47-51 | 51-01 —-+12 | 50-89 || 53-67 —-+17| 53-50 | 53.50 95 4 
24 || 46-45 |—-02|—-05 | 46-38 || 47-81 |--01 |—-06 47-74 || 51-08 —-10/ 50-98 | 53-94 —-+13/ 53-81 | 55-60 
31 || 46-51 |—-02|—-05 | 46-44 || 48-07 |—-01 | —-06 | 48-00 || 51-33 —-10| 51-23 || 53-87 ~.13| 53-74 | 54.0 g 4 
Sept. 7 || 46-57 |--02 |-.04/ 46-51 || 48-30 |--01|—-06 | 48-23 || 51-40 —-09 | 51-31 || 52-90 —-+12| 52-78 15/4 
14 || 46-60 |—-02|-—-01 | 46.57 || 48-45 | -00|—-01 | 48-44 || 51-10 +-O01/ 51-11 | 51-92 +-03 | 51-95 |48-90 22 
21 || 46-68 |—-02|—-02 | 46-64 || 48-63 | -00|—-02 48-61 || 50-69 -02 | 50-67 || 50-39 — -06 | 50-33 49.0; 29 4 
28 | 46-76 |—-02|—-05 | 46-69 || 48-74 | -00|—-06 | 48-68 || 50-20 —-09 | 50-11 || 49-76 — +16 | 49-60 | 53.00 6 64 
Oct. 46-82 |—-01 |—-02| 46-79 ||48-74 | -00|—-02 | 48-72 || 49-79 —-03 | 49-76 || 48-95 —-07 | 48-88 46.80; 13/4 
12 || 46-91 |—-01 |--03 | 46-87 || 48-72 | -00 —-04 | 48-68 | 49-31 —-06 | 49-25 || 48-40 —-10 | 48-30 |46-10 20/4 
19 || 46-96 |~-01 |—-02 | 46-93 || 48-64 | -00|—-02 48-62 || 48-93 —-03 | 48-90 || 48-45 —-05 | 48-40 46-70 § 27/4 
|--01| -00/ 47-00 || 48-54 | -00|+-01 48-55 || 48-65 +-02 | 48-67 | 47-30 + -02 | 47-32 | 41-10 $42. 
Nov. 47-08 |--01| -00| 47-07 || 48-46 | -00| -00 48-46 || 48-03 -00 | 48-03 | 46-27 — -02 | 46-25 |/45-40 4 3/4 
|47-12 | -00'+-01/47-13 || 48-33 | -00/+-02 48-35 || 47-60 +-03 | 47-63 || 45-90 +-02 | 45-92 | 42-20 9 19| 4 
17 || 47-18 | -00\+-03/| 47-21 ||48-15 | 48-19 || 46-99 +-05 | 47-04 || 44-41 + -06 | 44-47 | 39-00 17/4 
23 | 47-25 | -00|~-02| 47-23 ||48-06 | -00|—-02/ 48-04 || 46-40 —-04 | 46-36 || 43-07 —-09 | 42-98 | 43-205 24/4 
30 || 47-29 | -00|~-02| 47-27 || 47-86 | -00|—-02) 47-84 || 45-86 —-04/| 45-82 || 43-01 42-91 ||46-00 § 31, 4 
Dee. 47-30 |+-01|+-01 | 47-32 ||47-61 | | 47-62 || 45-50 00 | 45-50 || 43-44 — -02 | 43-42 | 42-00 7/4 
14 || 47-29 |+-01|+-05| 47-35 || 47-35 |+-01 |+-06 | 47-42 || 45-20 +-07 | 45-27 || 42-64 +-09 | 42-73 34.00% 4 
21 47-31 |+-01|}+-05 | 47-37 || 47-15 |4+-01|+-05 | 47-21 || 44-58 +-05 | 44-63 || 41-25 +-06 | 41-31 | 34-20 21.4 
» 47-30 |+-01 |+-05'| 47-36 || 46-93 |+-01|+-05 | 46-99 || 43-89 +-05 | 43-94 || 39-80 +-05 | 39-85 28 | 4 
| , 
Jan. 47-29 |+-02|+-05 | 47-36 || 46-63 |+-01/+-05 | 46-69 || 43-18 +-04 | 43-22 || 39-83 +-05 | 39-88 | 31-00 397 14) 4 
11 || 47-28 |4+-02|+-05 | 47-35 || 46-38 |+-01|+-05 | 46-44 || 42-72 +-04 | 42-76 | 38-31 + -04| 38-35 | 30-20 2 21 || 4 
18 | 47-27 |+-02|+-04/ 47-33 || 46-10 |4+-01|+-04| 46-15 || 41-96 4-03 | 41-99 || 37-43 4-01 | 37-44 | 30-20 98 | 
_ || 47-25 | +-03 | +-04 | 47-32 || 45-79 |+-01 |+-03 | 45-83 || 41-39 +-02 | 41-41 || 37-25 + -O1 | 37-26 | 30-80 
Feb. 47-21 |+-03|+-05 | 47-29 || 45-46 |+-01|+-03 | 45-42 || 41-09 +-03 | 41-12 || 38-43 4+ -04 | 38-47 | 32-80 % 
47:15 |+-03 |+-05 | 47-23 || 45-15 |+-01|+-03 | 45-11 || 41-00 +-03 | 41-03 || 37-56 +-03 | 37-59 30-40 38 
15 | 47-14 |+-03|+-01 | 47-18 || 44-91 |+-01| -00)/ 44-92 || 40-63 ~-01 | 40-62 || 37-75 — -05 | 37-70 |/39-00 43 
22 || 47-10 |4+-03|—-01 | 47-12 || 44-66 |+-01|—-01 | 44-66 || 40-87 —-03 | 40-84 || 39-46 — -08 | 39-38 41-30 
Mar. 47-01 |+-03|+-01/|47-05 || 44-45 |+-01! 44-46 || 41-29 ~—-01 | 41-28 || 39-92 — 39-90 36-50 
46-97 |+-03|—-02| 46-98 || 44-34 |+-01|—-02 44-33 || 41-40 —-04 | 41-36 || 39-89 —+11 39-78 | 44-00 5 
15 || 46-91 |+-02|-.04/| 46-89 ||44.27 | .00|—-03) 44-24 || 41-78 —-06 | 41-72 || 41-87 —+15 | 41-72 | 47-20 | 
22 || 46-82 |+-02|—-02| 46-82 || 44-21 | -00|~-02/ 44-19 || 42-45. —-04| 42-41 || 42-88 — -09 | 42-79 | 44-60 2 | 
29 || 46-75 |+-02|—-03| 46-74 | 44-24 | -00|~—-02/ 44-22 || 42-92 -05 | 42-87 || 43-37 —-11 | 43-26 | 44-10 
Apr. 46-65 |+-02| -00| 46-67 || 44-29 | -00| 44-29 || 43-20 ~-01| 43-19 | 42-90 — -03 | 42-87 42-00 # 
12 || 46-59 |4+-02| -00/46-61 ||44-37 | -00|)~-01 | 44-36 || 43-30 -02 | 43-28 || 42-89 —-06 | 42-83 40-50 
19 || 46-53 | + -02|—-01 | 46.54 || 44-44 | -00|--01 | 44-43 || 43-38 — -04 | 43-34 || 43-10 —-09 | 43-01 |/42-50 | 
26 | 46-48 |+-02|—-02| 46-48 ||44.49 | -00|—-01 | 44-48 || 43-50 —-04 | 43-46 || 43-26 —-10 | 43-16 4) 
Ma; 46-41 |+-01| -00/46-42 || 44-53 | -00| -00/ 44-53 || 43-80 —-02 | 43-78 || 44-96 —-03 | 44-93 42-00 fi 
10 | 46-39 |+-01 |—-03 | 46-37 || 44-61 | -00|—-03 44-58 || 44-30 — -07 | 44-23 || 45-23 —+14| 45-09 49-40 20 
17 | 46-34 |+-01|—-02/ 46-33 ||44-71 | -00|—-02 | 44-69 || 44-80 —-04| 44-76 || 46-55 —-09 | 46-46 | 49-00 9 27 | 
24 | 46-34 |+-01 |—-07| 46-28 || 44-89 | -00|—-05 | 44-84 || 45-49 45-35 || 47-29 —-28| 47-01 | 56-20 Mar. 6 
31 | -00|—-06/| 46-25 ||45-06 | 45-01 || 46-15 —-14/ 46-01 || 49-18 — -26 48-92 ||56-00 
June 46-25 | -00|—-02| 46-23 || 45-24 | -00|—-01 | 45-23 || 46-99 —-04 | 46-95 || 49-70 —-05 | 49-65 49-00 20 |) 
14 || 46-24 |—-01 |—-02/| 46-21 || 45-50 | 02) 45-48 || 47-50 —-05 | 47-45 || 50-39 = -06 | 50-33 ||52-20 27 | 
21 || 46-24 |—-01 |—-05 | 46-18 || 45-80 |—-01 | — -05 | 45-74 || 48-10 47-99 || 50-62 —+18 | 50-44 | 54-50 3 | 
28 | 46-21 |—-01|—-03 | 46-17 || 46-07 |—-01|}—-03 | 46-03 || 48-45 —-06 | 48-39 || 50-60 —-11| 50-49 |/52-60 10} 
July 46-22 |—-01|—-03 | 46-18 || 46-35 |—--01 |—-03 | 46-31 || 48-80 —-06 | 48-76 || 51-90 —-09 | 51-81 53-60 2 17 | 
12 || 46-25 |—-01|—-05 | 46-19 || 46-63 |—-01 |—-06 | 46-56 || 49-30 49-19 || 51-30 — 51-10 | 54-00 4 
19 || 46-27 |~-01 | —-04 | 46-22 || 46-87 | |—-04 | 46-82 | 49-44 —-09 | 49-35 || 51-79 — +13 | 51-66 | 56-00 | 
26 || 46-30 |~--01 | —-05 | 46-24 || 47-11 |—-01|—-06 | 47-04 || 49-82 —-11| 49-71 || 52-37 — .20 | 52-17 | 58-80 & 8) 
Aug. 46-34 |—-01|—-05 | 46-28 || 47-33 |—-01 | —-06 | 47-26 || 50-10 —-11 | 49-99 || 51-93 — +17 | 51-76 53-50 15 
46-39 |—-02|—-04/ 46-33 || 47-55 |—-01 |—-05 | 47-49 || 50-27 —-10| 50-17 || 52-58 — +13 | 52-45 |/54-40 22) 
16 || 46-44 |—-02 | —-06 | 46-36 || 47-79 |—-01|—-07/| 47-71 || 50-42 ~-13| 50-29 || 52-03 — -20 | 51-83 | 56:20 29 | 
23 || 46-48 |—-02|~-03 | 46-43 || 47-94 |~-01 | —-04| 47-89 || 50-52 — -07 | 50-44 || 52-67 —-09 | 52-58 (53-00 ume 5 


| 

| 

| 

| 

| 

| 


OBSERVATORY. 


| Cor. t, || t | Cor. | Cor.| t, | Cor.| Cor.| || | Cor 
tes. | gncor-| fr | for | cor. || uncor-| fF | for | cor. || uncor-| for | for | cor || uncor-| for 
| pected. Col Air rected. || rected. Col. | Air rected. || rected Col Air. rected. || rected. Col 
a 
Mi. | « ° ° ° ° ° ° 
30 46-54 |—-02|—-03 | 46-49 || 48-10 |—-01|—-05 | 48-04 || 50-70 | 50-62 ||53-05 | -00 
6 46-59 |—-02|—-02| 46-54 || 48-26 |--01 |—-03 | 48-22 || 50-90 | -00|—-03 | 50-87 || 52.05 
13. 46-69 |—-02|—-03 | 46-64 || 48-47 | -00|—-04/ 48-43 || 50-71 | -00|~-06 | 50-65 || 52-19 
0 46-75 |—-02|—-04| 46-69 | 48-56 |—-01|—-05 | 48-50 || 50-96 | -00|—-08 | 50-88 || 53-25 
97 46-80 |—-02|—-02 | 46-76 || 48-67 |—-01 | —-03 | 48-63 || 51-09 | -00|-—-02/ 51-07 || 52-34 
46-87 |--02|—-01 | 46-84 ||48-80 | -00|—-02/ 48-78 || 50-92 | -00/—-01/ 50-91 || 51-34 
| 46-94 |--02/—-01| 46-91 || 48-91 | -00|—-01 | 48-90 || 50-43 | -00/—-01 | 50-42 || 50.07 
18 47-00 |—-01| -00/46-99 || 48-92 | -00|+-01/ 48-93 || 49-90 | -00|+-04! 49.94 || 48.68 
95 47:06 |--01| -00/ 47-05 |'48-89 | -00)+-01/ 48-90 || 49-03 | -00)+-03 | 49-06 || 46-48 
1 47-13 -00/ 47-12 ||48-80 | -00| -00/48-80 ||48-13 | -00| 48-13 || 45.41 
§ 47-21 | -00|—-01/| 47-20 || 48-65 | -00|—-01/| 48-64 || 47-50 | -00|-—-03 47-47 || 45.95 
15 47-23 | -00\+-03/ 47-26 ||48-39 | -00/+-05/| 48-44 ||47-18 | 47-25 || 44.75 
99 47:28 | -00|+-03| 47-31 || 48-20 |+-01/+-04/ 48-25 ||46-24 | -00/+-05 46-29 || 41-74 
29 47-34 | -00| -00|47-34 | 47-98 |+-01| -00/ 47-99 || 45-20 |+-01| -00/ 45-21 |) 41-15 
6 47-39 }+-01| 47-40 | 47-68 |+-01| -00/ 47-69 || 44-75 | -00| -00/ 44-75 |} 42-61 
47-41 |+-01|+-O1 | 47-44 || 47-37 |+-01|+-01 | 47-39 || 44-77 | -00| -00/ 44-77 || 42-42 
20| 47-38 |+-01 |+-05 | 47-44 || 47-07 |+-01|+-06| 47-14 | 44-40 | 44-46 || 40-99 
27 | 47-41 |+-01 | 4+-02 | 47-44 | 46-86 |+-01 | +-02| 46-89 || 43-62 | -00|+-02) 43-64 || 39-85 
$42. 
3) 47-40 47-46 || 46-62 |+-01|+-03 | 46-66 || 43-24 | -00|+-03/ 43-27 || 41.06 
10 47-35 |+-02|+4+-06 | 47-43 || 46-32 |+-01|+-05| 46-38 || 43-03 | -00|-—-05 | 42-98 || 39.42 
17 47-34 |+-02|+-03 | 47-39 || 46-10 |4+-01|+-03 | 46-14 || 42-45 | 42.43 || 38-42 
24 47-31 |+-02/+-04| 47-37 || 45-83 |+-01|+-03| 45-87 ||41-96 | -00/—-02/ 41-94 || 38-63 
47-28 |4+-02|+-02 | 47-32 || 45-57 |+-01|+-01 | 45-59 || 41-63 | -00/ 41-63 || 38.26 
7) 47-22 |+-02|+-03 | 47-27 || 45-29 |+-01 |+-03/ 45-33 || 41-50 | -00|—-01 | 41-49 || 39-07 
47-19 |+-03|+4-01 | 47-23 || 45-08 |+-01/4-01/ 45-10 || 41-41 | -00| -00/ 41-41 || 39.42 
21 47-12 |+-02|+-02 | 47-16 44-87 |+-01|+-01 | 44-89 || 41-57 | -00| 41-57 || 40-13 
28 47-06 |+-03|+-01 | 47-10 | 44-72 |+-01|+-01 | 44-74 || 41-73 | -00| -00/ 41-73 || 39-51 
. 47-02 |4+-03 | —-02| 47-03 | 44-61 |+-01|—-01| 44-61 || 41-56 | -00|—-04| 41-52 || 39-72 
14 46-95 |+-03|--01 | 46-97 | 43-49 -00/ 44-50 || 41-64 | -00|-—-03/ 41-61 || 40-10 
21) 46-85 |4+-02/+-01| 46-88 ||44-37 | -00/+-01/ 44-38 ||41-94 | -00| -00/ 41-94 || 41-11 
46-81 +-02|—-02/ 46-81 || 44-33 | -00|—-01| 44-32 || 42-04 | -00|-—-04/ 42-00 || 40-65 
EXPERIMENTAL GARDEN. 
| t; Cor. | Cor. t, t, Cor. | Cor. t, t, | Cor. | Cor. t, t, Cor. 
Date, | for for _| for for for for * for 
| rected. | Col. | Air. | sected.|| rected.| | Air. | rected. | rected.| Col- | Air. | rected.|| rected.| Col- 
45-13 |+-05|+-03 | 48-21 || 45-41 |+-02|+-01| 45-44 ||40-99 | -00| -00/40-99 |/38-39 | -00 
47-96 | + 05 |+-04 | 48-05 || 45-04 |+-01|+-02/ 45.07 || 40-88 | -00| 40-88 |/ 40-06 
20! 47-88 |+-05|+-03 | 47-96 || 44-75 |+-01|+-01| 44-77 ||41-11 | -00/41-11 || 40-53 
27 | 47-85 |+-05|+-03/47-93 || 44-61 |+-01/+-01| 44-63 ||41-21 | -00/ 41-21 || 38-63 
ar. 6) 47-70 |4+-05|4+-02/ 47-77 44-45 |4+-01| -00/ 44-46 ||40-78 | -00|—-01/| 40-77 || 38-99 
13 47-63 | +.05|+4-01 | 47-69 || 44-25 |+-01|—-01 | 44-25 || 40-72 | -00|—-02/ 40-70 || 39-30 
20| 47-48 | 4-06 |+-03 | 47-57 || 44-07 |4+-01|+-01| 44-09 || 40-50 | -00| -00/ 40-50 || 37-68 
27 | 47-32 |4+-06|+-06! 47-44 || 43-87 |+-01|+-03/ 43-91 || 40-11 | -00/+-02/ 40-13 || 37-58 
3) 47-20 |4+-06|+4-06 | 47-32 || 43-68 |+-01|+-03 | 43-72 || 39-79 | -00/+-02/ 39-81 || 37-48 
10 (47-20 | +-06 |+-01 | 47-27 || 43-48 | | --01 | 43-48 || 39-74 | -00 |—.02| 39-72 || 38-03 
17 || 47-07 |+-06|—.04|47-09 || 43-35 |+-01 |—-04/ 43-32 || 39-98 | -00|—-05/ 39-93 |/ 39-10 
24) 46-94 | 4-05 46-97 || 43-20 |4+-01|—-02/ 43-19 ||40-48 | -00/—-04 40-44 |/ 40.63 
ay 1) 46-86 |+-05|--.06| 46-85 ||43-08 | .00|—-05/ 43-03 || 41-25 | -00|—-08/| 41-17 || 42-52 
46-74 |+-04|—.05 | 46-73 || 43-18 | -00|—-04/ 43-14 ||41-98 | -00/--07| 41-91 || 43-90 
15| 46-70 |+-04|-.11| 46-63 || 43-35 | -00|—-08|43-27 ||42-80 | -00|—-14/ 42-66 || 44-81 
22) 46-58 |+-04|--05 | 46-57 ||43-51 | -00|—-04/ 43-47 ||43-60 | -00|—.07/43-53 || 46-42 
29 || 46-50 |+-03 | ~-08 | 46-45 || 43-79 | -.01 | —-06| 43-72 || 44-81 |—-01|—-10| 44-70 || 47-98 
une 5//46-45 46-38 || 44-09 |--01|—-07/ 44-01 || 45-62 45-48 || 48-80 


997 | 
Cor. t, | 
for cor- || | T. 
Air. rected. | | 
~-12 | 52-93 57-00! 60-8 
~-04 | 52-01 ||48-90 54-7 
—+10 | 52-09 || 58-30) 58.8 
—-12 53-13 ||56-80, 60-7 
52-31 54-3 
—-03 | 51-31 ||47-80' 53-5 
—-03 | 50-04 ||48-60) 51-9 
+-05 | 48-73 42-00) 44.9 
+-01 | 46-49 41-10) 44-7, 
— -02 | 45-39 47-4 
—-07 | 45-32 || 47-20) 52-5 
+-10| 44-85 ||33-50/ 35-6 
+-03 | 41-77 ||35-50) 38-5 
—-04| 41-11 ||39-00) 46-4 
~-03 | 42-58 42-80) 46-0 
— -02 | 42-40 ||41-00) 44-0 
+ -08 | 41-07 31-40 31-2 
—-04/ 39-81 
36-20) 36-5 
00 | 39-42 || 31-20) 30-0 
~ -03 | 38-39 132-401 37-2 | 
—-02 | 38-61 || 32-00) 35-3 | 
— -02 | 38-24 ||37-00) 40-8 
—-03 | 39-04 || 31-60) 35-7 
~-05 | 39-37 || 36-50) 43-1 
—-02| 40-11 37-80 40-8 
—-04 | 39-47 || 36-10! 42-0 
-09 | 39-63 || 41-10! 53-0 | 
— -08 | 40-02 ere 
—-04| 41-07 || 35-90) 41-1 
—-08 | 40-57 | 44-20 | 54-0 
‘ | | 
| ‘or. 
Air. 
| ° 
—-03 | 38-36 | 42 
00 | 40-06 | 40 | 
| —-01 | 40-52 | 42 
|| — -03 | 38-60 | 42 
| — -04 | 38-95 44 
: — -05 | 39-25 | 46 | 
-03 | 37-65 42 | 
+-02 | 37-60 | 35 | 
+-02| 37-50 35 | 
— -06 | 37-97 46 
|—.13 | 38-97 56 
— -08 | 40-55 | 50 
—-16| 42-36 | 60 
—-+15 | 43-75 58 
— +28 | 44-53 70 
—-+13 | 46-29 57 
—-18 | 47-80 62 
— +23 | 48-57 | 66 | 


228 EXPERIMENTAL GARDEN. 
t, | Cor. | Cor. | ¢, t, | Cor. | Cor. | ¢, t, | Cor. | Cor. | ¢, t, | Cor. | Cor. | ¢, 
Dates. for for for for for for for for 
rected, | Oot. | Als. | || | Air. | Gat. | Ate. | |] | Sot. | Ate. | 
June 46-41 |+-01 |—-12| 46-30 || 44-45 |—-01 |—-09 44-35 || 46-72 |—-01|—-18/ 46-53 ||50-41 | -00|-—-30/ 50-11 
? ||46-39 |=-01|—-13 | 46-25 |/44-95 |—-02|—-11 | 44-82 || 48-12 | |—-22) 47-89 || 53.00 — +33 | 52-67 
26 |/ 46-35 |—-02|—-13| 46-20 45-30 |--02 |—-12/ 45 16 || 49-29 |--01 | 49.06 || 54.80 — +33 | 54-47 
July 46-34 |—-02|—-13| 46-19 || 45-89 |—-02 | 45-74 || 50-62 |—-01 | —-24/ 50-37 || 55-80 — +35 | 55-45 
10 || 46-35 |—-04|—-17 | 46-14 || 46-49 |--03 —-17| 46-29 || 51-98 |--01 | 51.65 || 57-82 —-47 | 57-35 
17 | 46-35 |—-05|—-13 | 46-17 || 47-16 |—-03 —-15 | 46-98 || 53-34 |—-01 | —-25 | 53.08 || 57-91 — +33 | 57-58 | 
24 || 46-39 |—-05 |—-13| 46-21 || 47-74 |--03 —-15| 47-56 || 53-82 |—-01|—-23| 53-58 || 58-09 —-31 | 57-78 14 
31 || 46-44 |—-05 |—-08 | 46-31 || 48-51 |—-02 48-41 || 54-30 | 54-20 || 56-72 —-11| 56-61 fy 4 
Aug. 7 46-53 |—-05|—-18 46-30 ||48-90 |—.02|—-21 | 48-67 || 54-52 | -00 —-32) 54-20 || 56.38 —-47 | 55-91 4 15 4 
14 || 46-62 |--05|—-14| 46-43 || 49-35 49-17 ||54-39 | -00|--24/ 54.15 || 56-89 — +32 | 56-57 22 4 
21 || 46-69 |—-06|—-11 | 46-52 || 49-70 |—-02|—-12 | 49-56 || 54-60 |--01 |--15 | 54-44 || 57-83 — +18 | 57-65 ti 29 4 
28 | 46-82 |—.06 |—-10 | 46-66 || 50-02 |—-02|—-11 49-89 || 54-83 | -00|--14| 54-69 || 56-34 | 56-15 4 
Sept. 4 || 46-93 |—.05|--07| 46-81 || 50-30 |—-01|—-08 | 50-21 || 54-30 | -00|/—-09/ 54-21 || 54-40 —-+13 | 54-27 12 4 
11 || 47-03 |—-05 |--05 | 46-93 || 50-46 |—-01 |—-04| 50-41 ||53-54 | -00|-.03 | 53-51 || 53-62 — -03 | 53-59 19 4 
18 47-21 |—-05 |—-10 | 47-06 || 50-62 |—-01|—-11 | 50-50 || 53-23 | 53-08 || 52-68 — +22 | 52-46 67 %6 4 
25 | 47-34 |—-05 |—-05 | 47-24 || 50-58 |—-01|—-04| 50-53 || 52-74 | -00|--03/ 52-71 || 53-10 — -05 | 53-05 
Oct. 2) 47-46 |—-04 |—.08 | 47-34 || 50-60 | -00|—-09/ 50-51 |/52-50 | .00|--11| 52-39 || 52.00 — +16 | 51-84 10 \4 
9 ||47-60 |—-04|—-05 | 47-51 || 50-55 | -00|--05| 50-50 || 52-26 | -00|—-06| 52-20 || 52'93 — -08 | 52-85 
16 || 47-68 |--04|--05 | 47-59 || 50-53 | -00|—-04 | 50-49 || 52-12 | -00}—-05/ 52-07 || 51-61 — | 51-53 4 4 
23 || 47-75 |—-04|+-02| 47-73 || 50-42 | -00'+-04 | 50-46 ||51-50 | -00|+-08| 51-58 || 50.79 ++10 | 50-89 
30 || 47-81 |—-03 |+-04| 47-82 50-35 | -00|+-07 | 50-42 ||50-83 | -.00|+-10| 50-93 || 47-98 ++10 | 48-08 
Nov. 47-96 |—-01 |—-03 | 47-92 || 50-27 |+-01|—-02/ 50-26 || 49-30 |+-.01 |—-04| 49-27 || 44.81 —-09 | 44-72 7 
13 || 47-98 |—-01|+-04 | 48-01 || 50-02 |+-01 | +-06| 50-09 || 48-29 | -00|+-06| 49-35 || 45-95 +-06 | 46-01 
20 ||48-04 | -00|+-04| 48-08 || 49-65 |+-01 |+-06 | 49-72 || 47-34 |+-01/+-05 | 47-40 || 43.05 + -02 | 43-07 21 
27 ||48-09 | -00|+-04| 48-13 || 49-30 |+-01 |+-06 | 49-37 || 46-41 |4+-01/+-04 | 46-46 || 43-08 + -03 | 43-11 W 
Dec. 4 | 48-15 |+-03 +-01 | 48-19 || 48-92 |+-01|}+-02 48-95 || 45-60 |+-01/—-01 | 45-60 || 42.38 — -04 | 42-34 
11 || 48-15 |+-03 |+-07 | 48-25 || 48-40 |+-02|+-07 | 48.49 || 44-70 |+-01|+-06 | 44-77 || 41-00 +-04 | 41-04 ¥ 
18 || 48-23 |+-03 |—-02| 48-24 || 48-13 |+-02|—-02/ 48-13 || 44-20 |+-01 |--05 | 44-16 || 41-20 — +10 | 41-10 18 
25 || 48-22 |+-03 |—-O1 | 48-24 || 47-71 |+-01|—-01 | 47-71 ||44.01 | 43-97 || 41-48 — -08 | 41-40 
1838. 
Jan. 48-18 |+-03|+-03 | 48-24 || 47.35 |+-01/+-03|47-39 || 44-20 | -00|+-01 | 44-21 || 43-34 +-01 | 43-35 
8 || 48-10 |+-03 |+-09 | 48-22 || 47-06 |+-01|+-08 | 47-15 ||44-06 | -00|+-07 44-13 || 42.03 +-09 | 42-12 18) 
15 || 48-00 |+-04|+-09| 48-13 || 46-80 |+-01|+-07| 46-88 || 43-49 |+-01 | +-06| 43-56 || 39-62 +-07 | 39-69 25 |) 
22 || 48-03 |+-04|+-06 | 48-13 || 46-55 |+-02/+-05 | 46-62 || 42-58 |+-01/+4-03 | 42-62 || 38-42 +-O1 | 38-43 1) 
29 || 47-90 |+-05 |+-08 | 48-03 || 46-20 |+-02/+-05 | 46-27 || 41-70 |+-01 |+-04| 41-75 || 37-60 + -03 | 37-63 
Feb. 5 | 47-89 |+-05 |+-07 | 48-01 || 45-80 |+-02|+4-05 | 45-87 || 41-00 |+-01 | 4-03 | 41-04 || 37-10 +-01| 37-11 
12 || 47-85 |+-05 |+-02| 47-92 || 45-58 |+-02|+-01| 45-61 | 40-52 |+-01|--01 | 40-52 || 36-50 -- -04 | 36-46 
19 || 47-70 |+-07 |+-07 | 47-84 || 45-05 |+-02/+.04| 45-11 || 39-90 |+-.01/+-01 | 39-92 || 36-00 -00 | 36-00 29 
26 | 47-65 |+-07 |4+-09| 47-81 || 44-65 |+-02/+4-05 | 44-72 || 39-40 | 4-01 |+-02/ 39-43 |/ 35-50 +-02 | 35-52 6) 
Mar. 5 || 47-65 |+-07|—-07| 47-65 || 44-45 |+-02|-.06| 44-41 || 39-02 |+.01 | —-07/| 38-96 || 35-38 —-14| 35-24 13 | 
12 || 47-55 |+-08 |—-03| 47-60 || 44-01 |+-02|—-03 | 44.00 || 38-62 |+-01|—-04| 38-59 || 35-06 | 34-96 if 20 
19 | 47-42 |+-07|+-01 | 47-50 || 43-59 |+-02|--.01 | 43-60 || 38-60 | -00|—-02/ 38-58 || 37-20 —-07 | 37-13 27 | 
26 |47-30 |+-07 | +-01 | 47-38 || 43-35 |4+-02|/—-01 | 43.36 || 38-90 | -00|—-02/ 38-88 || 37-40 —-05 | 37-35 3) 
Apr. 2||47-17 |+-07|+-01| 47-25 ||43-05 |+-01|-.01 | 43-05 || 39-30 | .00|—.02/ 39-28 || 39.49 —.05,| 39-44 10; 
9 ||47-05 |4-07 |—-01 | 47-11 || 42-85 |+-01|~.01| 42-85 || 39.91 | .00|—-03| 39-88 || 40-08 —-07 | 40-01 7), 
16 || 46-93 |+-06|+-01 | 47-00 || 42-86 |+-01|--01 | 42-86 ||40-58 | -00|-—-02/ 40-56 || 41-05 —-04| 41-01 
23 | 46-80 |+-05|+-01| 46-86 ||42-91 |+-01| .00|42.92 || 40-90 | .00|—-01/ 4089 || 40-63 —-03 | 40-60 ma 
30 || 46-65 |+-05|4-01/ 46-71 |/42-83 | 00! -00|42-83 |41-30 | .00/-.01| 41-29 | 41-52 —-03| 41-49 | 412 | 4 
May 46-66 | 4-04 |—-12| 46-58 || 43-05 | 00|—.08 42.97 |/41-92 | .00|—-15| 41-77 || 43-51 — +28 |43-23 | 31-4? 7 
14 || 46-50 |+-04|—-01 | 46-53 || 43-12 | -00|—-02) 43-10 ||42-99 | -00|-—-02/ 42-97 | 45-70 —-02|45-68 # 
21 || 46-41 |+-03|—-04| 46-40 || 43-32 | -00|—-03 | 43.29 || 43-70 | -00|—-06 | 43-64 || 45-23 
28 || 46-30 |+-03 | —-05 | 46-28 || 43-62 | -00|—-04/ 43-58 ||44.50 | -00|—-07| 44-43 || 46-42 
June 4/|/46-30 | 4-01 |—-08 | 46-23 || 44-00 |—-01/-.07| 43-92 ||45-32 | .00|—-13| 45-19 || 47-80 
11 || 46-20 |+-01|—-05 | 46-16 || 44-25 |—-01 |--05| 44-19 || 46-10 |—-01|—-08 | 46-01 || 49-10 
18 ||46-15 | -00|—-03| 46-12 || 44-64 |—-01 |—-03 | 44-60 || 46-90 |—-01 |—-04| 46-85 | 50-20 
25 || 46-20 |—-01|—-11! 46-08 || 45-08 |—-01|—-10/ 44-99 || 48-03 |—.01 |—-18 | 47-84 | 51-71 
July |—-01|—-04| 46-07 || 45-50 |--02|-.03| 45-45 || 48-98 |—.01 |—.04/ 48-93 || 52-81 
9 || 46-15 |—-03 |—-07 | 46-05 || 46.00 |—-02|—-07| 45-91 || 50-04 |—-01 |—-11 | 49-92 || 54-51 
16 || 46-16 |—-04|—-09 | 46-03 || 46-43 |—-02|—-09/| 46-32 || 51-08 |—-01|—-16]| 50-91 || 55-50 
23 || 46-26 |—-04|—-11/ 46-11 || 47-00 |—-02|—-11| 46-87 | 51-63 |—.01 | —-18| 51-44 || 55-00 
30 |' 46-30 |—-04|—-11 | 46-15 || 47-50 |—-02|—-12| 47-36 || 52-10 | -00|—-18| 51-92 || 54-83 
Aug. 6 || 46-30 |—-05 |—-09 | 46-16 || 47-90 |—-02|—-10| 47-78 || 52-50 |—-01|—-14| 52-35 || 55-90 
13 | 46-42 |—-05 |—-09 | 46-28 || 48-37 |—-02/—-11] 48-24 || 52-91 | -00|—-14] 52-77 || 55-82 
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| Cor. | Cor. | t, | Cor.| Cor. | t, | Cor.| Cor. | t, | Cor. | Cor. | 
for | for for | for for | for for | for nl 
| Ais. | | os. | At. | | oa. | ais. | | cat | at. | | 

| | 

| 4649 —-05 |— -06 | 46-38 || 48-75 |--02 | --07 48-66 |/53-12 | -00|--08 53-04 | 55-51 | -00 -.08 55-43 | 56-1 | 60 
46-61 |—-05 |—-14 | 46-42 || 49-12 |--02 —-16 48-94 | 53-29 | -00|/—.24/ 53-05 | 54-82 --33 54-49 (59-2 | 75 
3 46-66 |—-05 —-09 | 46-52 49-35 |—-01|—-11| 49-23 | 53-11 | -00|~—-14/| 52-97 |; 54-63 —-18 | 54-45 | 54-9 | 66 
10 46-80 |—-05|—-09 | 46-66 || 49-51 |—-01|—-10/ 49-40 || 52-80 | -00|-.13 52-67 | 52-50 —-19| 52-31 | 53-2 | 65 
17 46-86 |—-05 |—-07 | 46-74 || 49-72 |--01|--08 | 49-63 ||52-40 | -00|-—-10 | 52-30 || 53-51 —-14 53-37 | 54-1 | 62 
% 47.01 |—-04|—-10 | 46-87 | 49-85 |—-01|—-11| 49-73 ||52-48 | -00|/—-16/| 52-32 || 52-71 —-22 52-49 | 50-6 | 67 
1 47-15 |—-04 —-11|47-00 || 49-95 |—-01 |—-13/ 49-81 || 52-21 | -00|—-18| 52-03 | 52-60 —-25 52-35 | 53-1 | 69 
8 47-25 |—-04 —-10/47-11 ||49-97 | -00/—-11| 49-86 ||51-82 | -00|/--16/ 51-66 | 50-70 —-23 | 49-47 | 50-22) 67 
15 47-30 |—-03 |—-08 47-19 || 49-90 | -00|—-09/ 49-81 ||50-99 | -00/—-12 50-87 || 48-81 —-+19 | 48-62 | 48-2 | 63 
99 47-42 -—-03 —-07 | 47-32 ||49-89:| -00|—-07 49-82 ||50-22 | 50-12 | 48-68 —-16 | 48-52 || 52-8 | 61 
99 47-48 |-—-03|—-01 | 47-44 ||49-69 | -00/+-01| 49-70 ||49-82 | -00/+.01 | 49-83 | 48-89 00 | 48-89 | 42-0 | 49 
§ 47-59 |—-O1|+-04 | 47-62 ||49-52 | -00/+-06/ 49.58 || 49-10 |+-01|+-08 49-19 || 45-78 +-07 | 45-85 |/40-2 | 40 
12 47-61 |—-01 |+-02 | 47-62 || 49-45 |+-01|+-03 | 49-49 || 48-03 |+-01 | +-02 | 48-06 || 45-00 -00 | 45-00 | 33-4 | 45 
19 47-67 | -00|+-02 | 47-69 || 49-10 |+-01 |+-03 | 49-14 || 47-01 |+-01|+4-02 | 47-04 || 43-04 ~-01 | 43-03 35-0 | 44 
% 47-70 |+-01|+-05 | 47-70 || 48-72 |+-01 |+-06 | 48-79 || 45-82 |+-01/+-05 45-88 || 42-03 | +-03 | 42.06 || 33-3 | 39 
3 47-71 +-01|+-03 | 47-69 || 48-44 |+-01 |—-04 | 48-41 || 45-10 |4+-01/-.06 45-05 || 42-61 —+11 | 42-50 ||43-1 | 54 
10 47-82 |\+-01! -00/47-83 ||48-01 |+-01| -00/ 48-02 ||44-91 | -00|/-—-02 44-89 || 42.05 -06 | 41-99 || 42-1 | 48 
17 47-81 |+-03 |+-03 | 47-87 || 47-61 |+-01 |+-03 | 47-65 ||44-51 | -00|+-01 | 44-52 || 41-70 -00 | 41-70 || 36-2 | 42 
47-80 |+-03 +-03 | 47-86 || 47-30 |+-01 | +-02 | 47-33 || 44-91 |+-01|+-01 44-93 || 40-53 ~-02| 40-51 38-8 | 43 
31 47-81 |-+-04 +-01 | 47-86 || 46-95 |+-01|+-01 | 46-97 ||43-20 | -00|-—-02 | 43-16 || 40-50 —-05| 40-45 || 39-2 | 46 

539, 

7 47-75 |4+-04/+-05 | 47-84 || 46-60 |+-01|+-04 | 46-65 ||42-91 | -00/+-02)| 42-93 || 40-01 +-01 | 40-02 | 35-8 | 39 
14 47-72 |+-04|+-04 | 47-80 || 46-32 |+-02/+-03 | 46-37 || 42-28 |+-01|+-01 | 42-30 || 39-30 —-01 | 39-29 | 37-0 | 40 
21 47-70 |+-05 |+-06 | 47-81 || 46-02 |+-02|+-04| 46-08 || 41-82 |+-01 |+-02/ 41-85 || 38-03 -00 | 38-03 || 33-0 | 38 
28 47:70 |+-05 |+-07 |47-82 45-61 |+-02|+-05 | 45-68 || 41-20 |+-01 | +-03 41-24 || 37-90 +-02| 37-92 || 30-4 | 35 

. 4 47-53 |4+-05 | +-06 | 47-64 || 45-30 |+-02 | +-04 | 45-36 || 40-60 | +-01 |} +-02| 40-63 || 37-01 -00 | 37-01 | 30-4 | 37 
11 47-51 |4+-04|4-01 |47-56 |4-01| -00/ 45-02 ||44-32?|4-01 | -—-01 | 44-32 || 38-53 — -04| 38-49 || 40-2 | 45 
18 47-42 |+-05 |+-04|47-51 || 44-60 |+-01|+-02/| 44-63 ||40-60 | -00/ 40-60 || 38-52 —-01| 38-51 || 31-8 | 40 
25 47-38 |+-05 |4+-02| 47-45 ||44-35 |4+-02| 44-37 ||40-30 | -00|/—-01 | 40-29 || 37-51 | 37-48 |, 32-2 | 43 

. 447-30 |+-06 | 4-03 | 47-39 || 44-21 |+-02|+4-01 | 44-24 |/40-01 | -00|—-01 | 40-00 || 38-30 — -03 | 38-27 || 36-2 | 42 
11 47-32 |4+-06 |4+-02| 47-40 ||43-85 |+-02| -00/ 43-87 ||40-04 | -00|-—-01 | 40-03 || 37-40 — -04 | 37-36 || 31-9 | 43 
47-05 |+-06 | 4-01 | 47-12 || 43-70 |+-01| -00| 43-71 |/39-71 | -00 |—.02 39-69 || 38-15 —-05 | 38-10 || 35-1 | 45 
25, 47-01 |+-06| -00| 47-07 || 43-50 |+-01 |—-01 | 43-50 || 39-99 | -00|—-02/ 39-97 || 38-80 —-05 | 38-75 || 37-0 | 46 

1 46-85 |+-06|+-03 | 46-94 || 43-32 |+-01|+-01 | 43-34 ||40-05 | -00|-—-00) 40.05 || 38-99 —-01 | 38-98 || 36-0 | 40 
8| 46-81 | 4-06 | —-04 | 46-83 || 43.25 |+-01 |—-03 | 43-23 ||40-12 | -00|—-06 | 40-06 || 38-41 —-13 | 38-28 | 38-2 | 
15 || 46-75 | 4-06 |—-04 | 46-77 || 43-25 |4+-01|--03 43.28 | -00 | —-66 | 40-12 || 40-30 —-13|}40-17 |,43-4 | 55 
22 46-60 |+-05 | —-03 | 46-62 || 43-05 |+-01 |—-03 | 43-03 } -00 |—-05 | 40-92 |/41-51 41-41 |/44-8 | 53 
2946-51 | 4-05 | —-04 | 46-52 || 43-20 | 4-01 |--03 | 43-18 | -00 |—-06 | 40-95 || 41-72 —-12| 41-60 | 43-5?) 55 

6) 46-30 | 4-03 |—-02/ 46-31 || 43-20 | -00|—-02| 43-18 (| 42.90 | .04 | 42-86 || 45-30 —-06 | 45-24 | 45-8 | 50: 
13 46-39 |4-03|—-01 | 46-41 || 43-41 | -00|—-01 | 43-40 )\4B- -00 .02 | 43-68 || 45-60 ~-02| 45-58 | 48 
20 46-30 |4-02|—-05 | 46-27 ||43-70 | -00/—-04 | 43-66 || 44- -00 | — -08 | 44-22 || 46-00 ~-13| 45-87 || 50-1 | 57 
27 46-40 |4-02|—-11 | 46-31 || 44-00 |—-01 |—-09 | 43-90 |/ 44- ‘00 | —-15 | 44-75 || 47-30 —-28| 47-02 | 54-0 | 70 

une 3) 46-10 |4-01|—.05 | 46-06 || 44-40 |—-01 |—-05 | 44-34 || 45-96 |—-01 |-—.07 | 45-88 || 49-40 49-29 | 50-1 | 57 
10 46-02 | .00|—-08 | 45-94 || 44-60 |—-01 |—-07 | 44-52 ||47-26 |—-O1 |—-14| 47-11 || 51-60 51-41 | 57-2 | 65 
17 | 46-03 |—.01 |—-14 | 45-88 || 44-98 | —-02/—-13/ 44-83 || 48-20 |--01 | —-25 | 47-94 || 52-50 52-10 | 63-0 | 78 
24) 46-10 |—.02|—-09 | 45-99 || 45-40 |—-02|—-08 | 45-30 ||49-51 |—-01 |-—-.14/| 49-36 || 54-60 —-18| 54-42 | 56-0 | 66 

uly 1) 46.20 |~.03|—-13 | 46-04 || 46-00 |—-02|—-13 | 45-85 || 50-50 |—-01 |—-24 | 50-25 || 53-60 53-27 | 56-1 | 75 
8 46-20 |—.03 |—.13 | 46-04 || 46-50 |—-02 |—-14| 46-34 || 51-20 |—-01 | —-24 | 50-95 || 56-10 —-33| 55-77 | 61-0 | 75 
15 | 46-20 |-.04 |—-10 | 46-06 ||47-01 |—-02|—-11| 46-88 || 52-10 |—-01 |—-17 | 51-92 || 56-10 —-21| 55-89 | 58-8 | 68 
22) 46-30 —-04|—-09 | 46-17 ||47-50 |—-02|—-09 | 47-39 || 52-60 |—-01 | —-13 | 52-46 || 55-61 —+16| 55-45 | 59-9 | 65 

ur. 46-40 |-.04|—-13 | 46-23 ||48-49 |—-02|-—-15 | 48-32 || 53-52 |—-01 |—-22/ 53-29 || 57-10 —+30 | 56-80 | 60-4 | 74 
12 46-41 |—.06 |—-09 | 46-26 || 48-85 |—-02|—-10| 48-73 || 53-73 | -00|—-12/ 53-61 || 56-70 —-14| 56-56 | 57-3 | 65 
19 | 46-49 |—.06 | -02 | 46-41 || 49-28 |—-02'!—-01 | 49-25 ||53-80 | -00/+-03 | 53-83 || 55-00 +-07| 55-07 ||51-0! 51 
25 | 46-55 |—.06|--08 | 46-41 || 49-53 |—-01|—-09 | 49-43 |!53-52 | -00|—-11 | 53-41 |/ 54-81 —-15| 54-66 56-2 | 64 
2 46:73 |-.06|—-07 | 46-60 49-90 |—-01|—-08 | 49-81 || 53-30 | -00|—-10 53-20 || 54-30 —-13 54-17 ||52-2! 62 
9 46-85 |-.05 |—-10| 46-70 || 49-96 |—-01|—-12/ 49-83 ||53-30 | -00|—-16/ 53-14 || 54-38 —-23 54-15 ||57-4 | 68 
16 46-92 |—.05 | —.06 | 46-81 || 50.05 |—-01|-—-07| 49-97 || 53-02 | -00|—-08 | 52-94 || 53-20 —-11 53-09 || 54-4 | 60 
23, 47-08 |-.05|—-10 | 46-93 || 50-18 |—-01|—-11 | 50-06 ||52-70 | -00|—-15| 52-55 || 52-60 —-21 52-39 || 52-8 | 67 
30 47-17 |—.04| —.09 | 47-04 || 50-22 |--01|—-10| 50-11 ||52-28 | -00|—-14/ 52-14 |/52-12 —-20 | 51-92 || 50-0 | 65 
47-26 |—.04|-.06 47-16 ||50-19 | -00|—-06| 50-13 || 51-68 | -00|—-07) 51-61 ||49.82 —+12, 49-70 ||47-4 | 59 
14 47-30 |—-04 | —.04 | 47-22 ||50-20 | -00|—-03 | 50-17 || 50-84 | -00|—-04 | 50-80 || 50-01 —-07 | 49-94 ||49-0 | 55 
| 47-48 ~-03 | —-07 | 47-32 || 50-01 | -00 |—-07 | 49-94 || 50-61 | -00|—-09| 50-52 || 48-82 —-14 48-68 ||43-0 | 60 


VOL. XVI. PART II. 


3M 


230 _ EXPERIMENTAL GARDEN. 


Cor. | Cor. Cor. | Cor. | Cor. | Cor. Cor. | Cor. | 
Dates. for | for for | for for | for for | for t, 
rected. | Col. | Air. | rected. || rected. | Col rected. | rected.| Col. | Air. | pected. || rected. | Col. | Air. rected. 
| 
1839- ° ° | ° | ° | | © | 
Oct. 28 | 47-52 |--03|-.04| 47-45 |\49-91 | .00/—.04/ 49-87 || 56 01 | 00|-.06 49-95 49-02 00 ~-09 | 48-93 
Nov. 47-50 |—-02|+-02/ 47-50 | 49-60 | -00|+-04/| 49-64 ||49.20 | 49-26 47-10 47-14 | 43 
11 |) 47-70 |—-01 |+-02| 47-71 49-40 |+-01 |+-03| 49-44 || 48-44 | .00|/+-02/ 48-46 | 46-60 +-02| 46.62 | 414 
18 47-70 |—-01 |+-02|47-71 || 49-40 |+-01/+-03| 49-44 || 48-20 | .00/+-.02 | 48-29 46-70 + -02 | 46-72 424 
25 |47-72 -00|+-04|47-76 | 49-06 |+-01|+-05/ 49-12 ||47-70 | | 45-03 + -04 | 45-07 | 392 
Dec. 2 |47-75 | -00|+-07 | 47-82 || 48-74 |+-01|+-08 | 48-83 || 46-60 | 42.70 +-08 | 42-78 | 334 
9||47-73 |+-01|+-09 | 47-83 || 48-50 |+-02/+-09 | 48-61 || 45-50 |+-01|4-09/ 45-60 41-01 + -07 | 41-08 | 31.5 
16 || 47-80 |+-02)+-04 | 47-86 || 48-30 |+-02/+-05 48-37 44-50 |+-01/+.03| 44-54 | 41.03 +-01 | 41-04 | 374 
23 || 47-75 | +-02|+-01 | 47-78 || 47-70 |+-02|+-01 47-73 ||44-03 | -00|—.01/ 44-02 | 41.90 -04 | 41.86 | 414 
31 || 47-80 w 03 +-04/47-87 47-20 |+-02|+-04 | 47-26 || 43-60 |+-01|+-.02/ 43-63 | 40-10 ‘00 | 40-10 | 344 
1840. | | | 
Jan. 6 47-80 |+-03|+-04 47-87 || 47-02 | +-02|+-04| 47-08 || 43.20 43-23 | 40.02 ‘00 | 40.02 | 314 
13 | 47-73 |+-04|+-02 47-79 || 46-61 |4+-02|+-01 | 46-64 || 42-53 |+-01|—-01| 42-53 | 39-10 — -05 | 39-05 | 414 
20 47-70 |+-04|+-06 47-80 || 46-30 |+-02|+-04 | 46-36 ||42-20 | 42-22 | 40.30 +-03 40-33 | 364 
27 47-68 +-04 |+-07 47-79 || 45-92 |+.02|+-05| 45-99 ||42-10 | .00/4-03 42-13 39-8¢ + -04 | 39-84 | 344 
Feb. 3 | 47-60 |+-05 +-06 47-71 || 45-62 |+-02|+-04 | 45-68 || 41-61 | 38.09 +-01 | 38-03 | 35-2 
10 | 47-52 |+-05|—-01 47-56 || 45-30 |+-02/-—.02/ 45-30 41-10 | .00|—.04/ 41-086 | 39-00 — -08 | 3€-92 | 364 
17 || 47-50 |+-05 |+-03 47-58 || 45-00 |+-02/+-01/ 45-03 ||41-02 | .00| .00/ 41-02 | 39.70 —-03 | 39-67 | 404 
24 || 47-40 |+-05|+-02 47-47 || 44-61 !+-01| .00| 44-62 || 41-30 | .00|~.01/ 41-29 | 38.79 — 04 38-68 || 334 
Mar. 47-30 |+-06|+-02 47-38 || 44-50 |4+.02| .00/ 44-52 || 40-80 |+-01|—-.01/ 40-80 | 37-60 — -03 | 37-57 || 320 
9 47-22 |+-06 |—-03 47-25 || 44-30 |+-02|—-03 | 44-29 || 40-30 | -00|—.05/ 40-25 | 37-60 —-+11 | 37-49 | 3740 
16 || 47-20 |+-06| -00 | 47-26 || 44-10 44-10 || 40-20) 40-17 39-50 — -07 | 39-43 || 42.0 
23 || 47-10 |+-05 |+-02 47-17 || 43-80 |4+-01| .00/| 43-81 40-80 | -00/-—-01| 40-79 | 40-10 —-03 | 40-07 
30 || 47-01 |+-05 |—-03 47-03 || 43-75 |+-01|—.03| 43-73 |41-10 | -00|—.05/ 41-05 41-05 —-+11| 40-94 
Apr. 6)|46-75 |+-05| -00 46-80 || 43.65 |4+-01|--01| 43-65 41-44 | .00|—.03/ 41-41 | 41.50 — -06 | 41-44 
13 46-70 | +-04 | —-08 46-68 || 43-70 | .00|—-06| 43-64 || 41-90 | -00|—.10/ 41-80 | 42.70 —-21 | 42.49 
20 || 46-70 | 4-04 | | 46-67 || 43-65 | -00|—.05/ 43-60 | 42.70 | -00|—.09| 42-61 | 44-10 ~-18 | 43.92 
27 || 46-70 |+-03 |—-13 46-60 || 43-85 | -00|/—-09/ 43-76 || 43.60 |—-01|—.16| 43-43 | 47.01 — -32 | 46-69 || 55-2 
May 4//46-50 |+-02|/—.07 46-45 || 44-01 |—-01|—-06! 43-94 || 45.02 |—-01|—.11 44-90 | 49.01 —-16| 48-85 || 53-2 
11 || 46-42 |+.02 | 46-45 44-30 |—-01| 44-27 | -00/+.02/45-82 | 46.60 +-05 | 46-65 41:8 
18 || 46-40 |+-01 —-04 46-37 || 44-68 | -00|--04/ 44-64 || 45-80 | -00|~.06/ 45-74 | 46-52 —-10| 46-42 | 45-5 
25 || 46-30 |+-01 46-23 || 45.01 | -00|—.07| 44-94 || 45.90 -00|—.11|45-79 | 47-7 —-19 47-51 | 5148 
June 1/|/46-30 | -00|/—.07 46-23 || 45-23 |-.01|-.07| 45-15 || 46-72 | .00|—.11/46-61 | 49-60 ~-16 | 49-44 | 555 
46-34 |—-01 |—-16 46-17 || 45-45 |—-01|—-15 | 45-29 || 47.60 | -00|—.25|47-35 | 50.95 —-42/| 50-53 | 602 
15 |} 46-30 |—.01 —-09 46-20 || 45-75 |—-01 |—-08| 45-66 || 48-50 | -00|—.13/| 48-37 | 51-80 —-19| 51-61 | 55-2 
22 || 46-30 |—.02|—-09 | 46-19 || 46-14 |—-01 |—.08 | 46-05 ||49-20 | -00/—.14/ 49.06 | 59.19 — +20 | 51-92 | 57-8 
29 46-32 |—-02|—-13 46-17 || 46-45 |—-01|—-14| 46-30 || 49-60 | -00| 49-38 | 59.43 — -35 | 52-08 || 60-2 
July 46-30 |—.03 46-19 || 46-82 |—-01 |—-08| 46-73 || 50-20 | -00|—-12/ 50-08 | 59.80 —-15 | 52-65 | 56-0 
13 || 46-28 |—.03|—-12 46-13 ||47-20 |—-01|—-13/ 47-06 |\50-70 | -00|—.21 | 50-49 | 53-48 — -32 | 53-16 | 558 
20 || 46-51 |—-03 |—-11 46-37 || 47-63 |--02|~-12| 47-49 | 51-18 | 50-98 53.99 | 53-65 | 592 
27 || 46-50 |—-04|—-11 46-35 || 47-98 |—-02|-—-12| 47-84 ||51-63 | -00!—.18/ 51-45 | 54.50 — +26 | 54-24 | 60-8. 
Aug. 46-51 |—-05 | —.12 | 46-34 || 48-32 |—-02|--14/ 48-16 | 52.10 | -00/—.29/51-88 | 55.20 — -30 | 54-90 || 62-0 
10 |}46-51 |—.05 —-07 | 46-39 || 48-50 |—-02|}—-09| 48-39 | 52-70 | -00|—-11 | 52-59 56-80 — +11 | 56-69 || 61-8 
17 || 46-60 |—-05 |—-13 46-42 || 48-90 |—-02|]—.15| 48-73 || 53-60 |—-01|—.29/ 53-37 | 56-30 — -31 | 55.99 || 55-8 
24|/ 46-55 | —-06 | | 46-40 || 49-25 |—-02/~—-10/ 49-13 | 53-62 | -00|—-12/53-50 | 56-30 —-16| 56-14 | 585 | 
31 || 46-80 |—-06 |—-13 | 46-61 || 49-60 |—-02|—.15| 49-43 (53-90 | -00|/—.21 53-69 | 56-20 — +29) 55-91 || 552 
Sept. 7 || 46-82 |—-06|--09 46-67 || 49-85 |—-01|—-11| 49-73 |! 53-80 | -00|—-13| 53-67 54-70 —-18 | 54-52 | 56-2 
14 || 47-00 | —-06 |—-05 | 46-89 || 50-50 |--01|—-06/| 50-43 | 53.40 | 53-34 || 53.49 — -08 | 53-41 || 494 
21 || 47-13 |—-05 |—-07 | 47-01 || 50-25 |—-01 |—-07| 50-17 | 52-81 | 52-72 51-97 —-13| 51-84 | 510 
28 || 47-24 |—-04 —-07 | 47-13 || 50-31 -00|—-07| 50-24 52-12 | -00!-.09| 52-03 | 51-11 — +14) 50-97 | 542 
Oct. || 47-35 |—-04|—-06 47-25 || 50-28 | -00|—-05| 50-23 || 51-53 | -00|—.061| 51-47 50-10 | 49-99 |) 48-4 
12 || 47-50 | —-03 | —.07 | 47-40 || 50-20 | -00|--07/ 50-13 | 50-70 | -00/—-09/ 50-61 || 49-11. —-15| 48-96 48-5 
19 || 47-52 | —-03 | —-0% | 47-46 || 50-06 | -00|—.02/| 50-04 | 50.29 | -00!—.03 | 50-26 || 49-50 — -05 | 49-45 | 48-0 
26|/ 47-60 |—-02|+-01 | 47-59 || 49-80 | -00/+-03 49-83 | 49-80 | 4-04) 49-84 |! 47.90 +-03 | 47-93 || 38-2 
Nov. 47-56 |—-02|—-04 | 47-50 || 49.57 | -00|—-03 | 49-54 || 49-10 | -00 | —.05| 49-05 || 46.60 —+10| 46-50 462. 
9 || 47-70 |—-01|+-03 | 47-72 || 49-50 |+-01 |+-04| 49-55 || 48-40 | .00!+-04| 48-44 || 46.01 +-04} 46-05 | 41-2 
16 || 47-80 | -00|+-01 | 47-81 || 49-35 |+-01 |+-02/ 49-38 || 47-60 | 4-01 |+-02/ 47-63 || 44-01 ~ -02| 43-99 | 382 
23 || 47-80 |+-01 | +-02 | 47-83 || 48-90 |+-01|+-02! 48-93 || 46-10 | .00'4-01| 46-11 || 43-00 — -02| 42-98 | 412 
30 || 47-80 |+-01 | —-04| 47-77 || 48-75 |+-01 |—-04/| 48-72 || 45.90 |+-01 | —-06/ 45-85 || 49.40 —-13| 42-27 | 458 
Dec. 7 47-90 |+-01|+-02 | 47-93 || 48-30 |+-01|+-02/ 48-33 ||45-20 | .00/4-01 | 45-21 || 49.80 —-01| 42-79 412 
14 || 47-90 | + -02|+-07 | 47-99 || 47-91 |+-01|+-07/ 47-99 || 44-80 | -00/+-06| 44-86 || 41-90 + -06 | 41-96 | 322 
21 || 47-89 |+-03 |+-07 | 47-99 | 47-60 |+-02|+-07/ 47-69 | 44-10 |4+-01|+-05 | 44-16 || 40.30 + -04 | 40-34 || 33-0 
28 || 47-80 | +-03 | +-09 | 47-92 || 47-20 |+-02/+-08 | 47-30 | 43-20 |+-01 +-06 | 43-27 || 38.60 + +05 | 38-65 || 302 
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EXPERIMENTAL GARDEN, 


t, | Cor. | Cor.} || | Cor.| Cor. | t, | Cor. | Cor.| ¢, t, | Cor. | Cor.| | 
) for for for for for for for for ) 
| ols | Als. | || Oot. | Ate. | |] Got | Ate. | cal. | Ate 
4 47-70 .+-04|+-07 | 47-81 |) 46-80 46-87 , 42-30 +-01|+-03 , 42-34 | 38-60 -00 -02 | 38-62 
11 47-75 +-05|+-09 | 47-89 || 46-40 | + -02|+-07 | 46-49 | 41-70 | +-01 | +-05 | 41-76 || 37-50 +-03 37-53 | 29-20 
18 47:75 |+-05 | +-07 | 47-87 +-02 | +-05 (40-95 |+-01 |+-02| 40-98 || 36-50 -00 | 36-50 | 30-50 
95 47-70 |+-06 | +-07 | 47-83 || 45-60 |+-02|+-05 | 45-67 || 40-30 |+-01 |+-02/ 40-33 || 36-50 +-01 | 36-51 (30-20 
1 47-60 |+-06|)+-08 | 47-74 || 45-20 |+-02/+-04 45-26 39-90 | -00/+-02 39-92 | 36-70 +-02 | 36-72 |31-50 
§ 47-50 |+-06 | +-08 | 47-64 || 44-75 |+-02|+-05 | 44-82 | 39-60 | -00/+-02/ 39-62 || 36-30 36-32 (30-80 
15 47-50 | +-07|+-02 47-59 || 44-45 |+-02! 44-47 | 39-30 | -00|—-02/ 39-28 | 36-60 | 36-55 | 38-80 
22 47-45 |+-06|—-02 47-49 || 44-10 |+-02|-—-02 44-10 || 39-60 | .00 | —-04| 39-56 | 38-70 —-09 | 38-61 41-20 
1 47-25 4+-06|+-02 47-33 || 43-80 |+-01| -00 | 43-81 | 40-20 | -00)—-01 | 40-19 | 39-10 | 39-07 || 39-20 
§ 47-30 +-06|—-05 | 47-31 || 43-72 |+-01 |--04 43-69 | 40-40 | .00|/—-06 40-34 | 39-70 | 39-57 |44-00 
15 47-20 |+-05 | —-03 | 47-22 || 43-60 |+-01 |—-03 43-58 | 41-01 | -00|)—-05| 40-96 | 41-90 41-80 45-20 
22 47-00 47-01 || 43-60 | 43-56 41-70 | -00|—-06/ 41-64 | 42-80 | 42-68 | 45-80 
46-80 +-04|—-07 | 46-77 || 43-65 | -00|—-05 | 43-60 || 42-40 | -00 —-09/ 42-31 | 43-50 —-19 43-31 | 44-20 
46-70 4+-04| -00| 46-64 | 43-75 | -00|—-01 | 43-74 ||42-70 | -00|—-03 | 42-67 || 43-00 —-05 | 42-95 ||42-20 
12 46-72 |+-04| —-06 | 46-70 ||43-90 | -00|—-05/ 43-85 || 43-05 | 42-96 || 43-20 43-03 ||46-25 
19 46-62 |+-03 |-—-04 | 46-61 || 44-00 | -00'—-04 43-96 || 43-30 | -00|—-07)| 43-23 || 43-58 —+12| 43-46 ||44-25 
2% 46-50 +-03 |—-03 46-50 || 44-20 | -00|—-03/ 44-17 || 43-50 | | 43-45 || 43-62 —-08 | 43-54 46-50 
3 46-48 46-48 || 44-35 | 44.33 ||4400 | -00|—-04/| 43-96 || 45-90 —-06 | 45-84 ||42-75 
10 46-43 |+-02|~-07 | 46-38 || 44-48 | .00 | --06 | 44-42 || 44-60 | .00 |—-10| 44-50 || 46-30 —-19| 46-11 ||52-25 
17 46-40 +-01 | —-06 | 46-35 || 44-61 |—-01|—-05 | 44-55 || 45-50 | -00/—-10/ 45-40 || 48-20 —-15 48-05 | 52-00) 
2446-30 | -00|—-15| 46-15 || 44-90 |—-01|—-14/| 44-75 ||46-30 | -00|—-25 46-05 || 49-10 — -42 48-68 |62-25 
31 46-35 | -00|—-14) 46-21 || 45-20 |—-01|—-13 | 45-06 || 47-30 |—-01 |—-24| 47-05 || 51-60 —-38 | 51-22 60-25 
7 46-30 |—-01|—-06 | 46-23 || 45-45 |—-01 | —-05 | 45-39 || 48-51 |—-01 |—-08 | 48-42 || 52-10 —-10 52-00 ||51-25 
14. 46-30 —-O1 |—-07 | 46-22 || 45-91 |—-01 | | 45-83 || 49-33 | 49-21 || 53-50 —+15 | 53-35 55-50 
46-30 |—-03 |—-11 | 46-16 || 46-35 |—-02|—-11 | 46-22 ||50-30 | .00 —-20)| 50-10 || 53-40 —+12/53-28 (58-25 
28 46:30 |—-02|—-08 | 46-20 || 46-85 |—-02|-—-09 | 46-74 || 50-70 | .00 —-13| 50-57 || 53-10 —-19| 52-91 | 57-80 
ly 5 46-30 |—-03 |—-07 | 46-20 || 47-30 |—-02|-—-07 47-21 ||51-08 | .00/—-10)| 50-98 || 54-30 —-11| 54-19 ||55-75 
46-35 |—-04|-—-08 | 46-23 || 47-60 |—-01 47-51 ||/51-50 | .00 —-14/51-36 || 53-45 —-19| 53-26 | 55-25 
19 46-40 ,--04 | —-08 | 46-28 || 48-01 |—-01;—-09 47-91 |'51-60 | 51-47 || 54-15 ~—-18| 53-97 59-25 
26 46-52 |--04|—-13 | 46-34 || 48-35 |—.02 —-15 48-18 || 52-10 | —-24| 51-86 || 54-62 —-32 54-30 ||61-50 
bg. 2 46-60 |—-05|—-12| 46-43 || 48-62 |--01 |—-14| 48-47 || 52-41 | -00 —-23 | 52-18 || 54-23 —-32)\53-91 || 56-50 
9 46-62 --05 | --08 | 46-49 || 48-91 |--01/—-09 | 48-81 || 52-53 | .00 —-13| 52-40 || 55-00 ~-17 54-83 ||57-50 
16| 46-75 |--05|—-11 | 46-59 || 49-20 | --.01/—-14 49-05 || 52-78 | .00 —-21 | 52-57 || 54-20 —-30 53-90 | 59-25 
46-80 |--05 | —-08 | 46-67 || 49-35 |—-01|—-09 49-25 ||52-80 | -00 —-13| 52-67 || 55-00 —-17 | 54-83 || 59-00 
30 46-92 |—-05|—-09 46-78 || 49-60 |—-01 |—-09 49-50 || 52-00 | -00,—-24/ 51-76 || 55-30 —-17| 55-13 || 58-75 
pt. 6 47-22 |--05|—-11 | 47-06 || 49-95 |—-01|—-13 49-81 ||53-00 | -00 —-18/| 52-82 || 53-21 —-26 | 52-95 ||58-50 
13 47-16 —-04|—-13 | 46-99 || 50-03 |—-01 |—-16 49-96 ||/52-09 | —-23/ 51-86 || 53-09 | 52-76 || 62-00 
20 47-22 -—-05|-—-07 | 47-10 || 50-09 |—-01 |—-08 | 50-00 || 53-00 | -00 —-10| 52-90 | 54-90 54-79 54-50 
27 47-35 --05|--08| 47-22 | 50-30 |—-.01 |—-09 | 50-20 || 53-00 00 | —-11 | 52-89 || 53-48 ~-15|53-33 | 52-25 
4 47-35 |—-05 |—-04 | 47-26 || 50-32 |--01|—-03 | 50-28 ||52-73 | -00 —-02| 52-71 || 52-63 —-03 | 52-60 49-25 
ll 47-49 ~-07 | 47-38 ||50-40 | .00|—-07 50-33 ||52-12 | -00 —-08/ 52-04 || 51-30 —+13 | 51-17 ||48-75 
47-50 |—-03|—-01 | 47-46 ||50-31 | -00! -00 50-31 ||51-50| -00  -00/ 51-50 || 49-50 ~—-03 | 49-47 43-25 
25, 47-60 --03|+-01 | 47-58 || 50-25 | -00/+-03 50-28 || 50-30 |+-01 +-04) 50-35 || 46-80 +-02/ 46-82 | 41-25 
1) 47-70 —-02)+-01 |47-69 || 50-10 | +-01 |+-03 | 50-14 || 49-00 | -00 +-03/ 49-03 | 45-80 +-01 | 45-81 | 38-50 
8 47-80 —-01|—-02 | 47-77 |! 49-80 |+-01|—-01 | 49-80 |! 48-10 | -00 —-03| 48-07 | 45-32 —-08 | 45-24 46-25 
15. 47-80 |—-01|+-03 | 47-82 || 49-50 |+-01 |+-05 | 49-44 || 47-65 | -00 +-05/ 47-70 || 44-80 +-03 | 44-83 | 33-75 
22 47-85 +-01|+-05 | 47-91 || 49-15 |+-01 +-06 | 49-08 || 46-52 |+-01 +-06| 46-59 | 41-40 +-03/41-43 32-25 
29 47-80 |+-01 | —-05 | 47-76 || 48-80 |+.02|—-05 | 48-77 || 45-20 |+-01 —-09| 45-12 | 40-10 —+15| 39-95 | 36-25 
6 48-00 +-02/+4+-01 | 48-03 || 48-42 |+-02'+-01 | 48-45 ||44-30 | -00  -00| 44-30 || 42-20 —-03 42-17 41-25 
13 48-00 +-02|+-01 | 48-03 || 47-98 |+-01|+-01 | 48-00 ||44-40 | -00 -00)44-40 42-00 —-03 | 41-97 | 40-75 
20 47-90 |+-03 | +-09 | 48-02 || 47-40 | 4-02) + -07 | 47-49 || 43-92 |+-01 +-07| 44-00 || 40-51 +-08 40-59 | 31-50 
By (47-92 +-03 4-04! 47-99 || 47-10 |+-02|+-03 47-15 || 43-00 | -00 +-02/ 43-02 || 38-88 00 | 38-88 | 33.25 
3 47-90 +-04 +-07 | 48-01 || 46-50 |+-02 +-05 | 46-57 || 42-30 |. -.00 +-03 | 42-33 || 40-00 | + -04| 40-04 | 33-25 
47-81 +-05/+-09| 47-95 || 46-25 |+-02/+-06 | 46-33 || 42-10 |+-01 +-04/ 42-15 | 38-50 -04 | 38-54 | 30-50 
47-80 +-05 |+-04| 47-89 || 45-90 |+-02 +-03 45-95 || 41-50 |+-01 -00/41-51 | 37-70 | 37-69 | 31-75 
24 47-70 +-05 | +-06 47-81 || 45-70 |+-02/+-04 | 45-76 || 41-00 |+-01 +.02/ 41-03 | 37-50 00 | 37-50 | 31-50 
31) 47-70 -00 | 47-76 || 45-20 |+-02| -00| 45-22 | 40-40 —-03 | 40-37 | 37-80 —-06 37-74 | 37-50 
7 47-60 |+-06 +-05 | 47-71 || 44-80 |4+-02'+-03| 44-85 | 40-30 | -00'+-01 | 40-31 || 38-10 -00 | 38-10 | 31-50 
47-51 |+-06 +-02/| 47-59 || 44-55 |+-02!  -00/ 44-57 || 40-30 | -00 —-01 | 40-29 || 38-60 ~-03 38-57 | 37-25 
21) 47-50 -00 | 47-56 || 44-30 4-01 |—-01 | 44-30 || 40-50 | -00 |—-03 | 40-47 || 39-50 —-06 39-44 | 38-25 
28) 47-40 +-06 --01 | 47-45 || 44-10 |+-01|—-02/| 44-09 || 40.90 | -00 —-04| 40-86 || 39-00 —-08 | 38-92 | 37-75 
7 7 47-20 |+-06 +-01 | 47-27 || 43-90 +4 -00 | 43-91 || 40-60 eed ne 40-59 | 39-70 —-04 | 39-66 | 36-25 
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232. EXPERIMENTAL GARDEN. 
t, | Cor. | Cor | Cor. | Cor | Coe. | Cor | 
Dates. for | for for | for | for | for | gor. | uncor-| for | for | t 
rected. Air. | rected. || rected. | Col. | Air. rected, || rected. Col, | Air. rected. | rected. Col. Ait: | rected, 
Mar. 14 || 47-10 | |--02/ 47-13 ||43-80 +-01|-—-03 43-78 | 40-80 40-76 |39-70 --10 39-60 
22 | 47-00 |+-05 | —-03 | 47-02 || 43-70 +-01|—-03 43-68 41-30 -00 —-05 41-25 | 40-60 —-11 | 40-49 
28 || 46-90 |+-05 | —-02 | 46-93 || 43-75 |+-01|-—-02 43-74 41-42 -00 41-38 40-39 —-09 40-30 
Apr. 46-80 |+-05|-—-06| 46-79 | 43-63 |+-01|—.05 | 43-59 41-60-00 | | 41-52 41-50 | —-16 | 41-34 6 
11 || 46-71 |+-04|—-04| 46-71 || 43-62 | -00|—-03 | 43-60 || 42-00 --06 41-94 | 42-50 —-11 42-39 
18 || 46-70 |+-04|—-07 | 46-67 || 43-70 | -00|—-05| 43-65 ||42-62 | .00/-—-09 42-53 | 43-50 —+17 43-33 
25 || 46-55 |+-03|—-06 | 46-52 || 43-80 | -00|—-04/ 43-76 || 43-50 | .00!—-08 43-42 | 45-70 — +16 | 45-54 
May 46-50 |+-02|;--08 46-44 ||44-:10 | -00|/—-06| 44-04 ||44-70 | 44-59 | 47-50 ~-18 | 47-32 
9 || 46-41 | +-01|--07 46-35 || 44-20 |--O1|--05 | 44-14 |/45-50 | 45-41 | 48-00 47-85 69 
16 || 46-35 |+-01|—-10 | 46-26 || 44-60 | --01 |—-07 | 44-52 || 46-14 | -00 --14 46-00 | 48-50 —-22 47-28 
23 || 46-25 | -00|—-08 46-18 || 45-00 | |—-06 | 44-93 || 47-00 | -00 |—-11 | 46-89 | 49-30 =+17' 49-13 
30 || 46-24 | -00|--09 46-15 || 45-34 |—-01 |—-07 | 45-26 ||47-50 | -00 —-12/ 47-38 | 50-10 —-19 | 49-91 64 
June 46-30 |~-01|/—-13 46-16 || 45-60 |—-01|—-10/ 45-49 || 48-30 |—-01 | —-20 | 48-09 || 52-30 +30 | 52-00 
13 || 46-30 |-—-02|—-17 | 46-11 || 46-10 | 45-91 || 49-65 |—.01 |—-29 49-35 | 55-24 — -46 | 54-78 
20 || 46-20 | —-03 | — -08 | 46-09 || 46-40 | —-02|—-08 | 46-30 || 51-10 |—-01 —-14| 50-95 | 56-50 —+14 | 56-36 fj 
27 || 46-30 |--04|—-09 | 46-17 || 47-10 |~-02|—-10| 46-98 || 52-20 |—-01 |—-15 | 52-04 | 55-60 —-+18 | 55-42 
July 46-30 | --.04|—-06 | 46-20 || 47-50 —-02|—-06| 47-42 ||52-34 | .00|—-08 | 52-26 | 55-10 —-08 | 55-02 
11 || 46-30 | —-06 | —-06 | 46-18 || 48-10 |—-02|—-07 48-01 ||52-50 | -00 —-08 | 52-42 | 54-60 — -08 | 54-52 
46-40 |—-05 | —-09 | 46-26 || 48-45 48-34 || 52-70 | -00|-—-13 52-57 | 55-80 —-+16 | 55-64 63 
5 | 
Aug. 1 || 46-70 |—-06|—-16 | 46-58 || 49-20 | —-02|—-20 | 48-98 || 54-30 |-—-01 |—-31 | 53-98 | 58-40 —-42 57-98 
8 || 46-50 |~-07|—-08 | 46-35 ||49-50 -—-02|/—-10 49-38 || 54.90 |—-01 |—-12|54-77 || 58-60 —-+11 | 58-49 63 
15 || 46-80 |—.07|—-10| 46-63 || 50-00 4994 |/55-35 | -00'—-19/55-16 || 58-60 —-22 58-38 
22 | 
29 || 47-10 |—-07|—-14| 46-99 || 50-80 -—-02|—-16) 50-62 ||55-80 | -00 —-24/55-56 || 58-10 — +34 | 57-76 
Sept. 5 || 41-10 |—-07|—-04/ 46-99 ||50-90 —-02|—-03/50-85 ||55-70 | -00| -00/55-70 | 57-60 +-04 | 57-64 
12 || 47-30 |—-07|—-14| 47-09 ||51-26 -—-01|—-17)| 51-08 ||55-70 | .00|—-23/ 55-47 || 56-72 —-31 | 56-41 
19 || 47-40 |—-07|—-02 47-31 ||51-30 -—-01| 51-29 ||55-30 | -00\+-03 | 55-27 || 56-70 +-09 56-79 
26 || 47-50 | —.06 |--04 47-40 || 51-50 —-01|--03/ 51-46 ||55-10 -00|--01 | 55-09 || 55-00 —-02 5498 
Oct. 3 47-60 |—-06|—-03 | 47-51 ||51-55 -—-01|)—-02/51-52 |54-30 | -00\—-01| 54-29 || 53-10 —-03 53-07 
10 || 47-80 |—-05|—-05 47-70 ||51-65 |/53-51 | -00|—-04/| 53-47 || 52-10 —-09 52-01 
17 || 47-87 |—-04|—-04! 47-79 ||51-55 -00|—-02/ 51-53 ||52-90 | -00|—-03 | 52-87 || 51-70 — 51-66 
24 || 47-96 |-—-04|+-01 | 47-93 ||51-40 -00/+-03 51-37 |/52-10 | -00)+-06 | 52-16 || 48-90 + -04 | 48-94 
31 || 48-10 |—-02|+-01 | 48-09 || 51-22 +-01/+-05/ 51-16 || 50-80 |+-01 |+-06 | 50-87 || 46-50 +-01 | 46-51 
Nov. 7 || 48-12 |—-01|+-03 | 48-10 ||50-95 +-01/+-06 50-88 ||49-80 | -00|+-06| 49-86 || 47-00 +-05 | 47-05 43 
14 || 48-25 |—-01|}+-01 | 48-25 ||50-65 +-01/+-04 50-60 ||49-10 | -00|+-03 49-13 || 46-10 +-01 | 46-11 45 
21 || 48-30 |—-01|+-04 48-33 || 50-28 +-01|+-07/ 50-20 | 48.20 |+-01 |+-06 | 48-27 || 44-31 +-04 | 44-35 
CRAIGLEITH. 
2 or or or or or or or or 
Feb. 4 | 46-54 |+-03|+-02| 46-59 ||43-54 | -00| -.00/43-54 41-02 | -00 -00/ 41-02 || 39-15 | -00|—-01/| 39-14 
12 || 46-30 | +-02)+-02| 46-34 ||42-90 | -00|/+-01/ 42-91 || 41-42 -00 | 41-42 || 40-69 -00 | 40-69 40 
21 || 46-02 |+-02|+-01)| 46-05 ||42-88 | -00| -00/ 42-88 || 41-52 -00 | 41-52 || 40-18 —-O1 | 40-17 i! 
_ || 45-87 |+-03|+-01/ 45-91 ||42-76 | -00| -00| 42-76 | 40-47 —-01 | 40-46 | 38-21 — 02| 38-19 4 
Mar. 6 || 45-69 +-02|+-01 | 45-72 || 42-70 | -00| 42-70 | 40-77 —-01 | 40-76 || 39-50 — 02 | 39-48 
13 || 45-57 |+-02| -00/ 45-59 || 42-63 | -00! -00/ 42-63 || 40-93 —-01 | 40-92 || 39-10 -03 | 39-07 | 3 
20 || 45-38 |+-03|+-01 | 45-42 || 42-15 | -00/ 42-15 || 39-70 -00 | 39-70 || 38-00 — -02 | 37-98 
27 45-22 |+-03|+-02| 45-27 ||41-98 | -00| -00/ 41-98 || 39-71 -00 | 39-71 || 37-70 -00 | 37-70 
Apr. 45-02 |4+-03|+-02) 45-07 || 41-84 | -00| -00| 41-84 || 39-52 00 | 39-52 || 37-86 -00 | 37-86 3 
10 || 44-92 |4+-03|—-01| 44-94 || 41-74 | 41-73 || 39-77 — -02| 39-75 || 38-73 .04| 38-69 
17 || 44-71 |+-02|+4-01 | 44-74 || 41-73 | -00/ 41-73 || 40-42 —-01 | 40-41 || 39-68 —-01 | 39-67 
24 || 44-60 |+-02|}—-01| 44-61 || 41-68 | -00|—-01 | 41-67 || 41-38 —-03 | 41-35 || 41-25 — -04 | 41-21 
May 44-50 |+-01|—-03| 44-48 || 42-10 | -00/~—-.02/ 42-08 || 42-52 — -05 | 42-47 || 43-15 — -09 | 43-06 il 
8 || 44-37 |+-01| -00/44-38 ||42-62 -00/ 49-62 || 43-60 -00 | 43-60 || 44-45 | 44-44 
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CRAIGLEITH. 233 

| | | Abe. | Oa. | Ais. | | | | | aie. & | 
| | | 

44-36 |+-01 |—-03 | 44-34 || 43-10 | -00/--02/ 43-08 || 44.00 | .00 |--06 | 43-94 || 44-39 | -00 44-30 | 57 

99/4438 | -00|—-03 | 44-35 || 43-57 | -00|—-02 | 43-55 || 45-28 —-07 | 45-21 || 46-58 — -09 | 46-49 58 
30 | 44-44 | —-O1 | —-04| 44-39 || 44-19 | -00/—-04| 44-15 || 46-18 —-+10| 46-08 || 47-68 —-14| 47-54 64 
5/4453 |—-O1 |—-04| 44-48 || 44-66 -00|--04/ 44-62 || 47-10 —-11 | 46-99 || 49-05 —-15 | 48-90 64 
19 44-67 | -—-01 |—-06 | 44-60 || 45-28 | -00|--07 | 45-21 || 47-87 —-14| 47-73 || 49-68 —-19| 49-49 69 
19 | 44-88 |—-02|—-07 | 44-79 || 46-25 |—-01 | —-08 | 46-16 || 49-90 —-16 | 49-74 || 52-40 —-21/ 52-19 70 
97 45-04 | —-02 | —-06 | 44-96 || 46-84 |--01 | | 46-76 || 51-00 —-12)| 50-88 || 54-00 —-14 | 53-86 65 

9145-22 |—-03 |—-07 | 45-12 || 47-45 |--01|—-10| 47-34 || 51-50 —-18 | 51-32 || 53-98 — -23 | 53-75 7 
10 | 45-50 |—-03 | —-08 | 45-39 || 48-12 |—-01 | —-12| 47-99 || 52-10 —-20| 51-90 | 54-60 — +25 | 54-35 74 
17||45-77 | |--08 | 45-66 || 48-82 |—-01 |—-10| 48-71 || 52-81 —-15 | 52-66 || 
24 | 46-10 | —-03 | —-08 | 45-99 || 49-68 |~-01 |—-12/ 49-55 || 71 
31 46-38 |—-03 |—-05 | 46-30 || 50-17 |—-01 | —-06 | 50-10 | 60 

ug. 7|/46-72 |—-03 |—-09 | 46-60 || 50-62 |—-01 |—-11 | 50-50 | 71 
14, 46-94 |—-03 |—-09 | 46-82 || 50-47 |--01|—-11 | 50-35 70 
9147-15 |—-03 |—-07 | 47-05 || 50-66 | -00|--08 | 50-58 65 
98 47-35 |—-03 |—-04| 47-28 || 51-00 | -00|—-04| 50-90 51-60 — -04 | 54-56 58 
|--03 |—-04| 47-51 || 51-00 | -00|—-05 | 50-95 53-40 — 08 | 53-32 60 
1247-84 |~ 02 |--07 47-75 || 51-00 | .00|~-08 | 50-92 || 52-83 —-11| 52-72 | 53-50 —-13 | 53-37 65 
19 48-02 |—-02|—-04| 47-96 || 51-00 | »-00|—-04| 50-96 || 52-30 —-05 | 52-25 || 52-45 ~ -06 | 52-39 57 
25 | 48-12 |—-02|—-04| 48-06 || 50-70 | -00|—-05 | 50-65 || 52-37 —-07 | 52-30 | 52-62 —-07 | 52-55 59 
2 48-25 | —-02|—-06| 48-17 || 50-60 | -00/—-06 | 50-54 || 51-72 —-09 | 51-63 | 51-46 —-12| 51-34 62 
10 48-34 |—-01 | —-05 | 48-28 || 50-45 | -00|—-06| 50-39 || 51-85 —-07 | 51-78 | 52-10 ~-09 | 52-01 |, 60 
17 || 48-39 | —-01 |>-04| 48-34 || 50-37 | -00|}—-04 | 50-33 |/ 51-18 -06 | 51-12 || 50-69 —-08 | 50-61 | 58 
23 | 48-42 |—-01 |—-01 | 48-40 || 50-16 | -00| -00/ 50-16 |/ 50-66 -00 | 50-66 || 49-95 00 | 49-95 | 50 
3048-45 |--01| -00/48-44 || 49-83 | -00|+-01 | 49-84 |/ 49-30 +-O1 | 49-31 || 47-08 —-O1| 47-07 | 48 
6 |48-47 | -00/+-02| 48-49 || 49-22 -00/+-03 49-25 || 47-50 + -03 | 47-53 || 46-70 +-03 | 46-73 |, 43 
13/48-40 | -00/+-05 | 48-45 || 48-54 | -00/+-06 | 48-60 || 47-27 +-07 | 47-34 || 45-35 + -07 | 45-42 36 
20 | 48-40 |+-01|+-03 | 48-44 || 47-90 | -00|+-03 | 47-93 || 45-70 +-03 | 45-73 || 43-40 +-O1 | 43-41 41 
27 48-27 |+-01 |+-04| 48-32 || 47-20 | -00|+-03 | 47-23 || 45-10 +-03 | 45-13 || 42.95 + -03 | 42-98 39 
4|| 48-37 |+-01|+-05 | 48-43 || 46-84 | -00|+-04 | 46-88 || 44-43 + -03 | 44-46 || 42.55 + -04 | 42-59 37 
11 || 48-00 |+-02|+-05 |48-07 ||46-10 | -00|+-04| 46-14 || 43-60 +04 | 43-64 || 41-20 + -03 | 41-23 36 
18 || 47-17 |+-01 | —-01 | 47-17 || 45-70 | -00|—-01 | 45-69 || 43-18 —-03 | 43-15 || 41-70 —-05 | 41-65 50 
25 | 47-61 |+-03|—-01| 47-63 |/45-21 | -00|—-01 | 45-20 || 43-57 — -03 | 43-54 || 42-90 — -05 | 42-85 50 

1838, |} 

47-33 |4+-01 | 4-02] 47-36 || 45-24 | -00/+-01 | 45-25 || 44-17 +-01 | 44-18 || 43.00 +-01 | 43-01 41 
8 47-14 |+-01 |+-05 | 47-20 || 45-15 | -00|+-03| 45-18 || 43-60 +-04 | 43-64 || 41-48 +-04| 41-52 34 
15 |46-92 |+-02|+-07| 47-01 || 44-87 | -00)+-05 | 44-92 || 42-34 +-05 | 42-39 || 39-40 +-04 | 39-44 29 
2246-77 |+-02|+-04 | 46-83 || 44-35 |+-01/+-01 | 44-37 || 41-15 +-01 | 41-16 || 37-85 -00 | 37-85 38 
29 || 46-65 |+-03 |+-04| 46-72 || 43-42 |+-01|+-01 | 43-44 || 40-00 +-O1 | 40-01 || 37-27 +-O1 | 37-28 35 

. 546-45 |4+-03 |+-04| 46-52 || 42-85 |+-01]+ 01 | 42-87 || 39-62 +-01 | 39-63 || 37-00 -00 | 37-00 37 
12) 46-20 | +-03 | +-06 | 46-29 || 42-32 |+-01|+-01 | 42-34 || 39-00 + -02 | 39-02 || 36-45 +02 | 36-47 30 
19 45-90 |+-03 | +-02| 45-95 || 42-14 |+-01| -00| 42-15 || 38-50 00 | 38-50 || 35-36 —-O1 | 35-35 39 
26 || 45-68 | |+-05| 45-76 || 41-42 |+-01}+-01 | 41-44 || 37-75 +-01 | 37-76 || 35-10 ~-01 | 35-09 31 

. 545-45 |4+-04|+-02| 45-51 || 40-80 |+-01| -00| 40-81 || 37-45 00 | 37-45 || 35-50 ~-01 | 35-49 39 
12) 45-20 |+-03 |+-01 | 45-24 ||40-70 | 40-70 || 38-08 —-O1 | 38-07 || 37-15 —-02 | 37-13 43 
19 || 44-92 |4-03 |—-01 | 44-94 || 40-07 | -00| 40-07 || 39-20 —-02 | 39-18 || 38-17 —-03 | 38-14 47 
26 || 44-65 |+-03] -00/ 44-68 ||40-85 | -00| 40-85 || 39-37 —-01 | 39-36 || 38.38 —-03 | 38-35 45 
2 44-40 |4+-02|—-01 | 44-41 ||41-20 | -00|—-01 | 41-19 || 40-50 —-03 | 40-47 || 39-80 — -05 | 39-75 50 
9) 44-30 |+-02! -00/ 44-32 || 41-34 | -00| -00/| 41-34 |/ 41-02 —-O1 | 41-01 || 40-58 — -02 | 40-56 45 
16 44-20 | 4-01 | +-01 | 44-22 || 41-63 | -00| -00 | 41-63 || 41-68 | 41-69 || 41-88 | 41-89 || 40 
23 || 44-07 |+-01| -00/ 44-08 || 41-80 | -00/| 41-80 || 41-38 —-01 | 41-37 || 40-90 —-02/40-88 |, | 44 
30 | 44-02 |+-01! -00/ 44-03 || 42-05 | -00| -00 | 42-05 || 42-10 —-01 | 42-09 || 42.05 |. —-02| 42.03 || 39-0 | 45 
8 | 44-04 |+-01 |--06/| 43-99 || 42-38 | -00| —-04 | 42.34 || 43-35 | 43-22 || 45-007 — +22) 44-78 |\42-3 | 73 
14 44.00 | -00/—-01| 43-99 || 42-85 | -00]—-01 | 42-84 44-58 —-Ol | 44-57 || 45-62 —-O1 | 45-61 |/43-2 | 47 
2144-03 -00 |—-02/ 44-01 || 43-38 | -00|—-01 | 43.37 || 44-45 —-04 | 44-41 || 45-20 —-06 | 45-14 ||46-0 | 52 
2844-17 | .00 —-02/ 44-15 ||43-85 | -00|—-01 | 43.84 || 45-15 —-04| 45-11 || 46-58 —-05 | 46-53 ||47-4 | 52 

une 444.23 | .00 —-03| 44-20 ||44-22 | -00|—-03 | 44-19 || 45-80 —-06 | 45-74 || 47-25 —-10| 47-15 || 49-2 | 57 
44.32 |~.01 —-02| 44-29 || 44-68 | 44.66 || 46-85 —-04 | 46-81 || 48-73 —-05 | 48-68 |, 50-0 | 54 
18 || 44.54 |—-01|-.01 | 44-52 ||45-44 | -00|—-02 45-42 || 47-90 —-03 | 47-87 || 50-10 —-02| 50-08 ||51-3 | 52 
25 || 44-70 | —-01 |—-04| 44-65 ||46-03 | -00|—-06 | 45-97 || 48-80 —-10| 48-70 || 51-10 —-15| 50-95 || 54-2 | 63 

ly 2 44.88 |—.02/~.02| 44.84 || 46-65 |—-01 | —-02 | 46-62 || 49-70 —-03 | 49-67 || 51-77 —-02| 51-75 || 52-2 | 54 
945-08 |—.02|—-07 | 44.99 || 47-15 |—-01|--09 47-05 | 50-40 —-+17 | 50-23 || 53-08 — +23 | 52-85 || 57-2 | 70 
16 || 45-27 | —.03 |—.05 | 45-19 || 47-65 |—-01 | —-05 | 47-59 || 51-20 —-10 51-10 || 53-75 —-11 | 53-64 |} 56-4 | 62 
23 || 45.47 | -—.03 |—-03 | 45-41 || 48-14 |—-01|—-04/ 48-09 || 51-33 —-05 | 51-28 || 53-17 —-05 | 53-12 || 54-4 | 57 
VOL. XVI. PART II. 3N 


| 
| 


234 CRAIGLEITH. 
Cor. | Cor. Cor. | Cor. Cor. | Cor. Cor. | Cor. 
Dates fox | for for | for for | for for | for > tL if 
rected. Col Air rected. rected. Col. Air rected. rected. Col. Air. rected. | 4 Col. Air. rected. | 
July 45-74 |—-03 | —-05 | 45-66 || 48-54 |—-01 | --07 | 48-46 |/51-32 | -00/—.10| 51-22 |, 53-02 | -00|—-13| 59.99 56-1 
Aug. 46-00 |—-03 |-—-06 | 45-91 || 48-82 |—-01 | —.08 | 48.73 || 51-74 —.12| 51-62 54-00 —-15| 53-85 560 
13 || 46-25 |—-03 | —-06 | 46-16 || 49-17 |—-01 | —.07| 49.09 || 52-15 —.10| 52-05 || 54-22 —-13| 54-09 |/552 g 
20 46-45 |—-03|—-05 | 46-37 || 49-45 | -00|-—.06/ 49.39 || 52-05 —.07 | 51-98 || 53-62 — -08 | 53-54 |/552 @ 
27 || 46-73 |—-03 |—-08 46-62 || 49-68 | -00/—.10) 49.58 || 52-07 —.15| 51-92 || 53-52 — -20 | 53-32 | 56-3. 
Sept. 46-90 |—.03|-—-06 46-81 ||49-80 | -00|—.08 49.72 || 59.08 —.11/ 51-97 || 53-25 —-15| 53-10 | 539 
iQ | 47-26 |—-02|—-04 | 47-20 ||50-19 | -00|—.04/ 50-15 |} 51-75 51-71 || — -06| 51-94 | 484 ¢ 
17 || 47-28 | —.02 | —-04 | 47-22 || 49-85 | -00|--04 | 49.81 |/ 51-45 .05 | 51-40 || 52-80 —-05 | 52-75 | 539 
24) 47-43 |—-02|—-05 | 47-36 ||49-89 | 49.84 || 51-35 —.08 | 51-27 || 51-88 —-10} 51-78 | 51-4 
Oct. 47-55 |--.02|--04| 47-49 ||49-84 | -00|--.04/ 49.80 || 51-10 ~.06 | 51-04 51-90 —-07| 51-83 | 529 
8 47-62 |—-01| 47-61 || 49-72 | -00/+.01| 49.73 || 50-20 +.01| 50-21 || 49-68 +-01| 49-69 474 
15| 47-72 |—-01 |—-02! 47-69 || 49-45 | -00|—.03)| 49.42 || 49.95 —.04| 49-21 || 47-80 — -06 | 47-74 | 460 
22} 47-80 |—-01 |—-04| 47-75 || 49-07 | -00|-.04 49.03_|| 48-60 — .06 | 48-54 || 48-16 —-09 | 48-07 492 
29| 47-78 |—-01|+-01 | 47-78 || 48-76 | -00|+-01/| 48.77 48764 + -02 | 48-66 || 47-90 +-02| 47-92 | 440 
Nov. 47-85 | -00| -00| 47-85 ||48-48 | -00| .00/ 48.48 || 47.20 00 | 47-20 || 45-68 —-01 | 45-67 | 43.3 ¢ 
12 || 47-82 |+-01 |+-05 | 47-88 ||47-92 | -00!+.05/ 47.97 || 46-32 +-06 | 46-38 || 44-70 +-08| 44-78 | 373 
19 || 47-74 |+-01 |+-04 | 47-79 || 47-43 | -00|+-03/ 47.46 || 45-40 +-03 | 45-43 || 43-08 +-02/43-10 1373 4 
26 || 47-62 |+-01 |+-01 | 47-64 || 46-50 |+-01 |+-01 | 46.52 || 43-72 00 | 43-72 || 41-42 — -03 | 41-39 | 402 
Dec. 47-57 |+-01| -00| 47-58 ||46-12 | -00/-—.01/ 46-11 || 43-78 —.02| 43-76 | 43-02 —-04/ 42-98 | 422 4 
10 || 47-35 |+-01| -00 | 47-36 || 45-85 | -00|—-01 | 45-84 |/ 43-83 —-02| 43-81 || 42.40 —-04| 42-36 413 4 
17 || 47-14 |+-01 |+-03 | 47-18 || 45-55 | -00/4-02/ 45.57 || 43.40 +-01} 43-41 || 41-68 +-01/ 51-69 | 383 @ 
27 || 46-95 |+-02/+-03 47-00 || 44-85 | -00/+-02/| 44.87 || 42.38 +-01 | 42-39 || 40-50 +-01/| 40-51 | 362 
31 || 46-84 |+-02|}+-03 | 46-89 || 44-64 | -00!+-01/ 44.65 || 22.12 +-01 | 42-13 | 40-85 +-01| 40-86 | 36-3 
1839. 
Jan. 46-68 |+-02|+-02 | 46-72 ||44-21 | -00/+-01 | 44.22 || 41.77 +-01 41-78 || 40-00 -00 | 40-00 | 362 
14|| 46-48 |+-02|+-02 | 46-52 || 43-70 | -00/+-01/ 43-71 || 40-95 -00 | 40-95 || 39-90 -00 | 39-90 | 374 
21 || 46-28 |+-03|}+-02 46-33 || 43-40 |+-01 |+-01 | 43-42 || 40-25 -00 | 40-25 || 38-25 00 | 38-25 343 
28 || 46-06 |+-03 |+-03 46-12 || 43-07 |+-01|+-01 | 43-09 || 40-04 +-01| 40-05 || 38-02 +-01/ 38-03 | 330 
Feb. 4|| 45-85 |+-03|+-01 | 45-89 || 42-58 |+-01! -00/ 42.59 || 39-28 -00 | 39-28 || 37-24 — -02| 37-22 ||334 4 
11 || 45-67 |+-03| -00/ 45-70 || 42-12 | -00!-—.01/ 492-11 || 39-70 39-68 || 39-12 — -04/ 39-08 | 390 4 
18 || 45-43 |+-03|}+-03 | 45-49 || 42-07 | 42.08 || 40-10 +-01| 40-11 || 38-90 +-02/38-92 | 340 & 
25 || 45-23 |+-03|+-01 | 45-26 ||41-95 | -00! 41-95 || 39-33 —-01| 39-32 || 37-98 — -02| 37-96 | 350 @ 
Mar. 4|| 45-00 |4+-03/+-01 | 45-04 ||41-84 | -00| -00/| 41-84 || 39-67 —-01 | 39-66 || 38-78 — -02| 38-76 | 37-14 
11 || 44-80 |4+-03|+-01 | 44-84 ||41-75 | -00| -.00/ 41-75 || 39-30 —-01 [39-29 || 37-42 — -02| 37-40 | 343 
19 || 44-70 |+-03 |—-01 | 44-72 ||41-60 | -00! 41-60 || 39-45 — -02| 39-43 || 38-57 — -04 | 38-53 || 362 4 
25 || 44-55 |4+-02|+-01 | 44-58 || 41-37 -00| -00) 41-37 || 39-75 -00 | 39-75 || 39-43 —-02/ 39-41 | 364 
Apr. 1 || 44-37 |4+-02|+-01 | 44-40 ||41-45 | -00| 41-45 || 40-08 -00 | 40-08 || 39-22 —-01| 39-21 | 363 
8 || 44-22 |+-02|—-01 | 44-23 || 41-55 | -00| -00/ 41-55 || 39-68 — -02| 39-66 || 38-65 —-05 | 38-60 | 472 # 
15 || 44-10 |4+-02|}-—-01 44-11 ||41-45 | 41-45 || 40-26 — -02 | 40-24 || 40-98 —-05 | 40-93 
22 || 44-00 |+-01 |—-02/| 43-99 || 41-68 | 41-67 || 41-21 41-17 || 41-70 —-08| 41-62 | 434 
29 || 43-92 | +-01 | —-03 | 43-90 || 41-98 | -00|—-.02/ 41-96 || 42-32 — -06 | 42-26 || 43-41 —-11 | 43-30 ||462 
May 6|/43-90 | .00|—-03 | 43-87 || 42-74 | -00|—.02| 42-72 || 43-40 — -06 | 43-34 || 43-80 —-10| 43-70 # 
13 || 43-88 | -00|—-01 | 43-87 ||43-10 | -00|—-01| 43-09 || 43-90 —-03 | 43-87 || 44-06 —-13|43-93 | 440 
21 || 43-93 | || 43-34 | 43.31 || 44-15 — -07 | 44-08 || 45-50 —-12| 45-38 ||473 # 
27 ||43-98 | -00|—.04/43-94 || 43-62 | -00|—-.04/ 43-58 || 44-80 —-09 | 44-71 || 46-10 —-16| 45-94 484 @ 
June 44-07 |-—-01 |—-02 44-04 || 44-04 | -00|—.02/ 44-02 || 45-77 —-06 | 45-71 || 47-17 — -08 | 47-09 | 464 
10 || 44-17 |—-01 | —-03 | 44-13 || 44-52 | -00|—.03 | 44.49 || 46-58 —-07 | 46-51 || 48-60 —-10| 48-50 | 494. # 
17 |} 44-31 |—-01 | —-06 | 44-24 || 45-05 | -00|-—.07] 44-98 || 47-38 —-15 | 47-23 || 49-82 — -23 49-59 ||553 
24 || 44-53 |-—-01 | —-05 | 44-47 || 45-84 |-—-01 |—-07| 45-76 || 49-04 48-91 || 51-35 —-18/51-17 || 42 
July 44-68 |~-02|-—-.06 | 44-60 || 46-40 |—-01 | —-.08 | 46-31 || 49-60 —-15| 49-45 || 51-75 —-21/51-54 || 540 @ 
7 || 44-82 |—-02|—-06 | 44-74 || 46-85 |-—-01 | —-08 | 46-76 || 50-49 ~-15 | 50-34 || 53-50 — +19} 53-31 | 570) @ 
15 || 45-20 | —-03 | —-04| 45-13 || 47-87 |—-01|—-05/ 47-81 || 51-42 —-08 | 51-34 || 53-72 — -08 | 53-64 || 543 
22 || 45-33 |—-03 | —-05 | 45-25 || 48-10 |—-01 | —-07 | 48-02 || 51-49 —-11| 51-38 || 53-84 —-12| 53-72 ||564 
29 || 45-58 | —-03 | —-06 | 45-49 || 48-57 |—-01|—-09]| 48-47 || 52-10 —-14] 51-96 || 54-68 —-17| 54-51 570° 
Aug. 45-87 |-—-03}—-08 | 45-76 || 49-04 |—-01|-—-11]| 48-92 || 52.47 —-18}| 52-29 || 54-70 — -23| 54-47 | 564) 
14 || 46-17 |—-03 |—-05 | 46-09 || 49-44 | -00|—-06| 49-38 || 52.50 —-08 | 52-42 || 54-15 —-08 | 54-07 ||533 
19 || 46-35 |—-03|-—.03/ 46-29 || 49-58 | 49-55 || 52-10 — -04 | 52-06 || 53-27 — .04 | 53-23 | # 
26 |' 46-62 |—-03 | —-06 | 46-53 || 49-68 | -00|—-07! 49-61 || 51-92 —-10| 51-82 || 53-43 —-13|53-30 | 544 
Sept. 3] 46-85 |—-02/—-05 | 46-78 ||49-78 | -00|—-06| 49-72 || 52.03 —-08 | 51-95 || 53-27 —-11}53-16 || 533 
10|| 47-07 |—-02|-—-06| 46-99 ||49-90 | -00|—-07| 49-83 || 51-95 —-09 | 51-86 || 53-17 —-12| 53.05 || 534 
16 || 47-28 |—-02|—-04! 47-22 || 50.09 | -00|-—-04/ 50-05 || 51-67 — 51-63 || 52.30 — .06 | 52-24 || 521 | 
23 | 47-37 |—-02|—-06! 47-29 || 49-94 | -00|—-07/ 49-87 || 51-30 — +10} 51-20 || 51-67 ~.13 | 51-54 ||510 @ 
30| 47-47 47-41 ||49.78 | 49-74 || 50-88 —-06 | 50-82 || 51-17 —.09 | 51-08 ||500 # 
Oct. 47-60 |-—-01|—-04' 47-55 |!47-65 | -00!—-03! 49.62 || 50-05 — -06! 49-99 || 49-17 — -09 | 49-08 |' 48-2 
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CRAIGLEITH. 235 
t, | Cor. | Cor.| ft, t, | Cor. | Cor. | t, | Cor. | Cor. | | 

for | for for | for for | for | J 

° ° ° ° ° © 

49-34 | -00|—-.02) 49-32 |,49-62 | -00|—-02/ 49-60 |49-64  .00|-—-03/49-61 |49-0 | 53 

49-15 | -00|—-03/ 49-12 || 49-12 — -05 | 49-07 || 48-20 —-08| 48-12 ||46-2 | 56 

48-88 | -00| -00| 48-88 || 48-77 00 | 48-77 || 48-37 —-01| 48-36 ||45-1 | 49 

48-59 | -00/+-01/| 48-60 || 47-94 +-01 | 47-95 || 46-98 00 | 46-98 ||\45-1 | 47 

48-27 | -00|} -00/ 48-27 || 47-47 —-01 | 47-46 || 46-98 —-01| 46-97 ||44-3 | 48 

47-97 | -00| -00/ 47-97 || 47-20 —-01 | 47-19 || 46-65 —-01 | 46-64 | 44-2 | 48 

47-68 | -00|+-03/ 47-71 || 46-55 +-04 | 46-59 || 45-30 +-04/ 45-34 |/41-3 | 40 

47-20 | -00|+-05 | 47-25 || 45-16 + -06 | 45-22 || 43-30 +-07 | 43-37 || 36-2 | 34 

46-66 | -00|+-05 46-71 || 44-20 +-05 | 44-25 | 41-68 +-06| 41-74 35-2 | 34 

45-94 | -00|+-02/ 45-96 || 43-48 +-01 | 43-49 || 42-26 +-01 | 42-27 39-3 | 40 

45-50 | -00! 45-50 || 43-40 —-01 | 43-39 || 42-68 42-66 ||42-1 | 46 

45-25 | -00)+-04/ 45-29 || 43-00 +-05 | 43-05 | 40-50 +-06 40-56 ||33-1 | 32 

44-63 | -00\+-03 | 44-66 || 42-20 +-03 | 42-23 || 40-39 +-04/ 40-43 || 34-2 | 34 

44-27 | -00|—-01 | 44-26 || 41-63 —-03 | 41-60 || 40-73 ~.06 | 40-67 || 41-0 | 50 

43-96 | -00|+-01 | 43-97 || 41-88 +-01 41-89 || 40-83 + -01 | 40-84 ||37-1 | 40 

43-73 | 43-75 || 41-60 + 02 | 41-62 || 40-20 + -03 | 40-23 || 34-4 | 35 

43-41 | -00|+-01 | 43-42 || 40-62 | 40-62 | 39-00 —-01 | 38-99 || 36-3 | 40 

43-03 | 43-03 || 40-62 40-61 || 39-40 ~.03 | 39-37 ||38-0 45 

42:94 | -00! 42-94 || 41-00 —-01 | 40-99 || 40-64 — .02'40-62 ||40-1 | 44 

42-92 | -00 +-01 | 42-93 || 40-80 | 40-80 || 38-92 —.01| 38-91 | 34-4 | 40 

42-65 | -00| -00/ 42-65 || 39-92 -00 | 39-92 || 37-52 ~.01 | 37-81 ||34-0 | 41 

42-29 | -00|—.02) 42.27 || 39-54 ~ .04| 39-50 || 38-00 ~.09 | 37-91 || 37-4 | 56 

42-04 | -00|—-02/| 42-02 || 40-44 40-40 || 40-46 ~-10| 40-36 ||40-4 | 56 

24 44-80 |+-02| - 42:14 | -00| 42-14 || 40-76 |: —-01| 40-75 | 39-97 —-04| 39-93 ||37-2 | 46 
30' 44-68 |4-02| -00| 44-70 || 42-16 | -00| -00| 42-16 || 41-00 ~.02| 40-98 | 41-28 ~.03| 41-25 |42-0 | 46 
i] 44-55 |4-01|—-01 | 44-55 || 42-34 | -00|—-.01 | 42-33 || 41-70 41-68 | 41-95 ~.05/ 41-90 ||42-3 | 49 
14 44-45 | 4-01 |—-02| 44-44 || 42-55 | -00|--01 | 42.54 || 42-38 —-04| 42-34 | 43-10 —-08 | 43-02 || 46-1 | 53 
20 44-41 | -00|—-04/ 44-37 || 42.82 | -00|—-03| 42-79 || 43-18 ~-07 | 43-11 | 43-88 —-12| 43-76 | 59 
27 4440 | 44-35 || 43-22 | -00|-—-.04/ 43-18 || 44-32 —-11 | 44-21 | 46-22 —-19| 46-03 || 52-1 | 66 
ay 444-38 44-35 || 43-76 | -00|—-.02| 43-74 || 45-56 ~—-04| 45-52 | 47-56 -06| 47-50 ||48-4 | 54 
|44-40 | -00| -00/ 44-40 || 44.32 | 44-32 || 45-38 +-01 | 45-39 | 45-20 4+-01| 45-21 ||41-3 | 44 
19 44-60 | -00 | -.02/ 44-58 || 44-60 -00 | —-02 | 44-58 || 45-38 —-04| 45-34 | 45-93 —-07 | 45-86 ||44-0 | 53 
25 44-64 |—-01 | —-03 | 44-60 || 44-70 | -00 —-03 | 44-67 || 45-89 —-05 | 45-84 | 47-38 —.08 | 47-30 ||48-3 | 55 
ne 1) 44-72 |—-01 | ---05 | 44-66 || 45-05 | -00|—-05 | 45-00 || 46-65 —-10| 46-55 || 48-68 —-15|48-53 ||53-3 | 63 
8 44-84 |--01 | —-05| 44-78 || 45-57 | -00|—-06 | 45-51 || 47-66 #—-11| 47-55 || 49-56 —-17| 49-39 ||53-1 | 65 
15 44-94 |~-01 | —-06| 44-87 || 45-98 | -00|—.06 | 45-92 || 48-48 —-12)| 48-36 || 50-50 —-18| 50-32 ||52-4 | 65 
45-18 |—-02|-—-06| 45-10 || 46-49 | -00|—.07 | 46-42 || 49-03 ~-12| 48-91 || 50-78 —-17| 50-61 ||53-2 | 65 
45-26 -02|—-06 | 45-18 || 46-94 | -00/—-08 | 46-86 || 49-42 49-28 || 51-76 —-19| 51-57 || 55-1 | 67 
6| 45-50 |-—-02|--05 | 45-43 || 47-55 | 47-50 || 50-26 —-08} 50-18 || 52-10 ~-10| 52-00 || 54-4 | 60 
13|| 45-63 | ~-02|—-05 | 45-56 || 47-84 | -00|—.06/ 47-78 || 50-70 —-09 | 50-61 || 52-90 —-12|52-78 |53-0 | 62 
45-88 |~-02|-—.07| 45-79 || 48-30 | -00|)—.10/ 48-20 || 51-32 51-16 || 53-68 —-21| 53-45 | 56-2 | 69 
46-05 | —-03|—-.07| 45-95 || 48-68 | 48-60 || 51-70 /—-12}51-58 53-90 —-15|53-75 |56-0 | 65 
ug. 3) 46-26 |--03|-—-08| 46-15 ||49-10 | -00|—-10| 49-00 || 52-20 52-03 || 54-39 —-21| 54-18 |58-0 | 69 
10 || 46-47 | ~-03 | —-07 | 46-37 || 49-45 |—-01!—-09 | 49-35 || 52-76 52-64 | 55-58 —-15|55-43 | 59-0 | 66 
18 | 46-78 |~.03|-—-07| 46-68 || 50-09 | 50-01 || 52-95 ~-11| 52-84 || 54-28 —-14 54-14 | 56-3 | 64 
24 46-93 | --03 | -—-07 | 46-83 || 50-11 | 50-02 || 52-97 —-13 | 52-84 | 54-81 —-16| 54-65 | 54-3 | 66 
31 47-15 |~-03 |—.07 | 47-05 || 50.34 | -00 —.09 | 50-25 || 53-00 —-12| 52-88 | 54-80 —-14| 54-66 | 52-0 | 65 
PL 47-35 |--03 | —.06 | 47-26 || 50-46 | -00| — -07 | 50-39 || 52-70 — -09 | 52-61 || 53-72 —-11/53-61 | 50-1 | 62 
14 || 47-50 | ~-02|—-05 | 47-43 || 50-44 | -00/| —-05 | 50-39 || 52-16 ~ .06 | 52-10 || 52-58 —.07/|52-51 |46-3 | 58 
21 || 47-68 | —-02 | —-03 | 47-63 || 50-34 | -00|—-03)| 50-31 || 52-30 — -03 | 52-27 || 51-36 —-05| 51-31 | 47-0 | 55 
28 || 47-83 | —-02|—.07 | 47-74 || 50-14 | -00|—-08| 50-06 || 50-79 —-11} 50-68 || 50-75 —-16|50-59 |47-0 | 64 
4 || 47-88 |~.01 | —.02| 47-85 || 49-88 | -00|—-02/ 49-86 || 50-13 —-02| 50-11 | 49-56 —-03/49-53 | 42-0 | 53 
12 | 47-95 |—-01 |—-01 | 47-93 || 49-55 | -00| 49-55 || 49-42 —-01 | 49-41 | 48-92 —-01 | 48-91 50 
19 || 48-00 | ~-01 | 47-97 || 49-23 | -00|—-02/ 49-21 || 49-08 ~-02| 49-06 || 49-00 — -03 | 48-97 52 
2647-98 | -00| -00| 47-98 ||48-95 | -00| -00| 48-95 || 48-46 -00 | 48-46 || 46-98 —-01 | 46-97 48 
- 2) 48:02 | 48-00 || 48-55 | -00/-—-01 | 48-54 || 47-50 —-03 | 47-47 || 46-60 — -05 | 46-55 §2 
| -00|+-01 | 47-93 |'48-18 | -00'+-01 | 48-19 || 47-08 +-01 | 47-09 || 45-70 +-01 | 45-71 «45 
16 | 47-94 |4.01| .00/47-95 ||47-74| -00! -00/ 47-74 || 46-10 ~.01 | 46-09 || 44-30 .03 | 44-27 
24 || 47-82 | 4-01 |4-02/47-85 || 47-14 | -00|4-01/ 47-15 || 44-78 +-01 | 44-79 || 43-01 —.01 | 43-00 | 44 
30 || 47-70 |+-01 | —-02| 47-69 || 46-84 | -00|—-02/46-82 || 44-68 — -04 | 44-64 || 42-18 ~-07 42-11 
7||47-54 |4-01/4-01 | 47-56 ||46-34 | -00| -00/| 46-34 | 44-30 | 00 | 44-30 || 43-25 —-02 43-23 
14|| 47-34 |4.01|+-05 | 47-40 ||46-00 | -00/+-04 | 46-04 || 43-88 + -04/ 43-92 || 41-88 +-05 41-93 «85 
21 1147-25 |4.02!4-04/47-31 |145-40 | -00)+-03 | 45-43 | 42.76 | +-03 | 42-79 || 40-90 40-93 | 36 


236 CRAIGLEITH. 
Cor. | Cor. Cor, | Cor. Cor. | Cor. Cor. | Cor. 
Dates. for for for for = for for for for 
rected. | Col. | Air. | pected. || rected. | ©l- | Air. | rected. || rected.| Col. | Air. | rected. || rected. | Col. | Air. rected. 
1840. ° ° bd ° ° 
Dec. 28 || 47-02 |+-02 +-05| 47-09 || 45-04 |+-01}+-03| 45-08 || 41-70 | -00|+-03 | 41-73 || 38-98 | -00/+-03/ 39.01 
1841. 
Jan. 4/|/46-87 |+-03/+-05| 46-95 ||44-30 | -00/+-02| 44-32 ||41.15 | -00/+-02/ 41-17 || 39-40 +-02| 39.42 
12|| 46-58 |+-03 | +-05 | 46-66 || 43-84 |+-01|+-02/ 43-87 ||40-15 | -00!+-02/40-17 || 37-17 +-01 | 37-18 
18 || 46-44 |+-03 | +-05 46-52 || 43-12 |+-01|+-02/ 43-15 || 39-38 | -00!+-02/ 39-40 36-78 + -02 | 36-80 
25 || 41-15 |+-03 | +-04 | 46-22 || 42-75 |+-01/+-02| 42-78 || 38-98 | -00/+-01 | 38-99 || 36-50 +-01 | 36-51 
Feb. 45-90 |+.03!+-04| 45-97 ||42-32 | -00/+.01/ 42-33 || 39.28 | .00/+-01 | 39-29 |/ 38.98 + -02 | 38-30 
8 || 45-60 |+-03!+-05 | 45-68 ||42-13 | -00/4+-01/ 42-14 ||39-13 | -00)+-02/ 39-15 || 37-03 +-03 | 37-06 
15 || 45-45 |+-03 |+-01 | 45-49 ||41-68 | -00| .00/41-68 || 38-92] -00/—-01 38-91 || 38-40 —-03 | 38-37 
22 || 45-22 |4+-.03 }—-01 | 45-24 ||41-64 | -00|/—-01/ 41-63 || 39-92 | 39-90 |! 39.45 — .06 | 39-39 
Mar. 44-93 |+-02/+-01/44-96 ||41-93 | -00| .00/41-93 ||40-48 | -00|—.01 | 40.47 || 39-60 —-O1 | 39-57 
8 44-80 |+-02|—-03/44-79 ||42-02 | ||40-48 | -00|—.04/ 40.44 || 40.98 ~.09 | 40-19 
15 || 44-66 |+-01 | —-02/ 44-65 ||/42-14 | -00|—.01| 42-13 ||41-74 | -00|}~—.04/ 41-70 || 42.58 — -09 | 42-49 
22 || 44.54 |+-01 | 44-53 || 42-54 | -00/—-01/ 42.53 ||42.70 | -00|~-.03 | 42.67 || 43-20 ~ .06 | 43-14 
29 || 44-48 |4--01 |—-03 | 44-46 || 42.94 | -00|/—.02/ 42.92 || 43-31 | -00|)~.06/ 43-25 || 43.97 — +10 | 43-87 | 
Apr. 44-45 |+-01|—-01/44-45 ||43-25 | -00/—.01/ 43.24 ||43-38 | -00|—-.02/ 43.36 |! 43-48 — .04 | 43-44 
12|| 44-45 |+-01|-—-01/44-45 ||43-44 | ||43-48 | -00|~.09/ 43-46 || 43.54 — -03 | 43-51 
19 || 44-50 |+-01 | —-02| 44-49 || 43-62 | -00|—.02/ 43.60 ||43-85 | -00|—-.04/| 43-81 || 44-20 —.08 | 44-12 
26 || 44-53 |+-01|—-01/ 44-53 || 43-83 | -00|/—.01/ 43.82 ||/44-10 | -00|—-.03/| 44-07 || 44.40 — -06 | 44-34 
May 3//44-56 | -00|—-01/44-55 |/44-08 | -00|--01| 44.07 || 45.26 | -00/|—-03/| 45-23 || 46.78 — -02 | 46-72 
10 || 44-64 -00}—-04/| 44-60 || 44-54 | -00/}—.04/ 44.50 ||45-84 | -00|—-10/ 45-74 || 47-20 —-17 | 47-03 
17 || 44-70 |—-01 | —-03 | 44-66 ||45-02 | -00|—.04/ 44.98 ||47-09 | || 48-95 —-11 | 48-84 
_ 24|| 44-84 |--01 | -—-06 | 44-77 || 45-62 | -00/-—.08| 45.54 ||47-80 | -00|/—-17/ 47-63 || 49.58 — -26 | 49-32 
31 || 44-97 |—-01|—-06| 44-90 || 46-14 | -00|~.07| 46.07 || 48-29 |—-01 | —-13/ 48-15 || 51-42 — -20 | 51-22 
June 45-12 |—-02|—-03/ 45-07 || 46-73 | -00|~—.04/ 46.69 ||49-50 | 49-43 |! 51-19 —-08 | 51-11 
14 || 45-30 |~-02|—-04 | 45-24 || 47-17 47.11 || 50-05 | -00!—-09| 49-96 || 52.48 —-11 | 52-37 él 
21 || 45-52 |—-02! —-06| 45-44 ||47-62 | -00|—.06/47.56 ||50-19 | -00|)—-.12/ 50-07 || 51-94 —-16| 51-78 6 
28 || 45-72 |—.02| —-04| 45-66 ||47-90 | -00|~.06/ 47.84 ||50-28 | 50-19 || 52-00 —-12| 51-88 . a 
July |—-02|—-05 | 45-87 ||48-19 | -00|—.06| 48.13 ||51-02 | -00|—.09/ 50-93 || 53-17 —-+12| 53-05 
46-10 |—-02 | —-06 | 46-02 || 48-50 | -00|~.07/ 48.43 ||50.97 | -00|—-11 | 50-86 || 52.46 
19 || 46-31 |—-02| —-05| 46-24 ||48-72 | -00|~—.07/ 48.65 ||51-18 | -00'—-10/ 51-08 || 53-12 —-13 | 52-99 | a 
27 || 46:50 |—-02/|—-05| 46-43 ||48-95 | -00|~.05/ 48.90 ||51-40 | -00/—-08 51-32 || 53-48 —-10| 53-38 || | 
Aug. 46-66 |—-02|—-08/ 46-56 ||49-18 | -00|~.10/49.08 || 51-39 | -00!—-17/ 51-22 || 52.64 — -22| 52.42 
9 || 46-80 |—-02 | —-04 | 46-74 ||49-27 | -00|~—.05/ 49.22 ||51-46 | 51-38 || 53-10 —-09 | 53-01 
16 || 47-00 |—-02|—-06|46-92 ||49-45 | -00|~.07/ 49-38 || 51-30 | 51-20 || 52.43 | 52-29 
23 || 47-20 |—-02 | —-04/ 47-14 ||49-71 | -00|—.05/| 49.66 || 51-76 | -00|—-07/| 51-69 || 52.98 — -09 | 52.89 
30 || 47-27 |—-02 | —-06/| 47-19 || 49-68 | -00|~—.08/ 49.60 || 51-86 | -00|—-.12/ 51-74 || 53-58 — +16 | 53-42 
Sept. 6/||47-36 |—-01 | —-06/ 47-29 || 49-83 | -00|/~.02/ 49.81 || 51-60 | -00!—-.02/ 51-58 || 51-98 —-04 | 51-94 
13 ||47-55 |—-02|—-08| 47-45 ||49-88 | -00|~—.10/ 49-78 ||51-40 | 51-28 || 52.94 —-21.| 52-73 
20 || 47-66 |—-02|—-06| 47-58 || 49-98 | -00|~—.06| 49-92 ||52.25 | -00|-~--09/ 52-16 || 53-82 —-11| 53-71 63 
27 || 47-80 | —-02 | —-02/ 47-76 || 50-28 | -00|~—.02/ 50.26 || 52.00 | -00|—-02/ 51-98 || 52.68 —-01 | 52-67 
Oct. 4/|47-88 |—-02|—-02| 47-84 || 50-25 | -00|—-.01/ 50-24 1151-55 | -00| -00/51-55 || 51-58 —-O1 | 51-57 
48-08 |—-01 | —-01 | 48-06 || 50-22 | -00)~—.01/ 50-21 ||50-58 | -00/ 50-58 || 50.48 — -02 | 50-46 
48-15 |—-01 | +-02/48-16 || 49-95 | -00|+4-04/ 49.99 ||49.73 -00!+-05/| 49-78 || 48-86 + -06 | 48-92 3 
26||48-15 | -00|)+-02/48-17 ||49-28 | -00|+4.04/ 49.32 ||47.96 | -00|+-04| 48-00 || 46.32 + -04 | 46-36 43 
Nov. 1//48-15 | -00| -00|48-15 ||48-75 | .00/48-75 ||46.96 | -00|—.02/ 46-94 || 45-45 —-04 | 45-41 
9 || 48-12 |+-01 | —-01| 49-12 || 48-06 | 48-05 || 46.22 | -00|—-.03/ 46-19 || 45-58 — -05 | 45-53 
15 || 48-05 |+-01|+-05/48-11 || 47-54 | -00|+4.05| 47-59 ||45.88 | -00/+-05 45-93 || 44.00 + -06 | 44-06 % 
22 || 47-90 |+-01 | +-04|47-95 ||47-04 | .00|+-03/ 47-07 || 43.95 | -00|+-03| 43-98 || 41-21 +-02 | 41-23 
29 || 47-82 |+-02 | +-02/47-86 ||46-03 | .00|+-01)| 46-04 ||42.70 | -00! .00/42-70 || 40.78 —.01 | 40-77 3 
Dec. 6||47-64 |+-02! -00/47-66 || 45-36 | -00|}—-01| 45-35 ||43.08 | -00/—.03/ 43-05 || 49.43 — -05 | 42-38 
13||47-38 |+-02'+-02/47-42 ||45-10 | -00| -00/ 45-10 ||43-08 | -00| -00/43-08 || 42.02 -00 | 42-02 
20 || 47-14 |4+-02 +-06/47-22 || 44-86 | -00/+-03| 44.89 ||42.30 -00!+-04| 42-34 || 39.90 +-05 | 39-95 
27 ||46-95 |+-03|+-03/47-01 ||44:34 | -.00 +01 | 44-35 41-24 | | 41-25 || 39-26 +-01 | 39-26 
1842. | 
Jan. 46-74 |+-02) +-03| 46-79 ||43-93 | -00|+-01 | 43-94 ||41-61 | -00/+-01 | 41-62 || 40-88 + -02 | 40-90 
10 || 46-47 |+-02|+-04| 46-53 ||43-78 | -00|+-02' 43-80 ||40-85 | -00/+-03 | 40-88 || 38-46 +-02 | 38-48 3 
17 || 46-25 |+-03 | + -04 | 46-32 || 43-35 |+-01|+-01 | 43-37 ||40-03 | -00/+-01 | 40-04 || 37-68 + -02 | 37-68 4 
25 || 46-07 |+-03 | +-02/46-12 |, 42-60 ; -00| -00)42-60 || 39-57} -00| -00) 39-57 || 37-72 -00 | 37-72 
31 || 45-88 |+-03|+-01|45-92 ||42-27 | -00; -00/42-27 ||39-19 | -00/ 39-19 || 37-61 —-01 | 37-60 
Feb. 45-58 |+-03|+-04/45-65 |/42-:19 | -00/+-01/42-20 ||39-72 | -00|+-02/ 39-74 || 38-17 +-03 | 38-20 
15 || 45-40 |+-03| -00/45-43 |/41-85 | -00| -00/41-85 || 39-76 | -00/—-01| 39-75 || 38.98 — -04 | 38-94 
21 || 45-17 |+-02/+-02/45-21 ||41-90 | -00/41-90 ||40-22 | -00| -00/ 40-22 || 39.96 + -01 | 39-97 3 
Mar. 44-90 |+-02/+-01/ 44-93 ||42-02 | -00/ 42-02 ||39-95 | -00/39-95 || 38-82 -00 | 38-82 4 
7 44-88 141-78} -00! .00!41-78 ||39.95 | -00!—-02! 39-93 || 39.62 —-05 | 39-57 
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